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Electrical knowledge is not a necessity to assemble this project — just simple soldering. 

Cheques and Postal Orders to be made payable to TELEPLAY: send your order (No Stamp Needed) to 
Teleplay, Freepost, Barnet, EN5 2BR or telephone your order quoting your Barclaycard or Access number. 
Queries and Technical Advice offered either by phone or by calling at our shop. 


SHOP OPEN - 10am to 7pm - Monday to Saturday 

CLOSE TO NEW BARNET BR STATION - MOORGATE LINE 


All parts fully guaranteed. 

EUROPE'S LARGEST STOCKIST OF TV GAME COMPONENTS. 


14 Station Road, New Barnet, Herts EN5 1QW Tel: 01-440 7033/01-441 2922 
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CONSTRUCTIONAL PROJECTS 

P.E. V.D.U. SYSTEM—1 byA.A.Berk,B.Sc.,Ph.D. 

Up to date "one chip” memory mapped system 1054 

FUEL CONSUMPTION METER By J. McCarthy 

An aid to economy, suitable for most cars 1060 

HIGH PERFORMANCE POWER SUPPLY UNIT byR. Lawrence, B.Sc. 

Voltage control down to zero, plus current limiting 1070 

ANALOGUE COMPUTER—2 by P. J. Kronis. B.Sc. 

Construction details 1074 

TWO RANGE TIMER byJ. D.Jardine 

A portable, inexpensive general purpose unit 1088 

GENERAL FEATURES 

IMPEDANCE by Toby Bailey and Bob Whitaker 

Do you understand it? 1066 

MICROBUS byDJ.D. 

A bi-monthly focus on micro's for the home constructor 1098 

INGENUITY UNLIMITED 

Capacitor Continuity Tester—Synthesiser Repetitive Waveform Generator 
Simple Fuzz—Accenting Metronome—Stereo Indicator 

External Input Unit for Synthesisers 1080 

NEWS AND COMMENT 

EDITORIAL 1049 

MARKETPLACE 

New products 1050 

SPACEWATCH by Frank W. Hyde 

Pluto, More from the USSR, Copernicus discovers Black Hole 1053 

POINTS ARISING 

Linear Capacitance Meter, Dimwit, Kiln Controller 1058 

BOOK REVIEWS 1084 

NEWS BRIEFS 

Strain Gauge—Big Brother Check—Micro Power Pack—Computers Galore Club 1087 

Underground Cameras—Steam Advice—Here's To Progress 1090 

Teletext Course 1094 

Disc Full of Holes 1102 

HOWTO USE YOUR FREE STICKIES 1093 

INDUSTRY NOTEBOOK by Nexus 

What's happening inside industry 1097 

PATENTS REVIEW 

Thought provoking ideas on file at the British Patents Office 1100 

READOUT 

A selection of readers' letters 1102 

Our November issue will be on sale Friday, 13 October 1978, price 50p 

(for details of contents see page 1059) 


c) IPC Magazines Limited 1978. Copyright in all drawings, photographs and articles published in PRACTICAL 
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. All 
reasonable precautions are taken by PRACTICAL ELECTRONICS to ensure that the advice and data given to 
readers are reliable. We cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices 
quoted are those current as we go to press. 
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NOT EVERY CABLE 
A LABEL 


Everyone who works with electricity needs to know at 
some time or other \(vhat's going on inside the cable he's 
handling. What voltage. What current. What resistance. 
Not knowing the answers, or worse still having 
inaccurate answers,can make life difficult, even terminal. 

Eagle Test Equipment gives the right answers 

The range covers general multimeters, high voltage 
probes, clamp meters, insulation testers. 

Here are just four. Send the coupon for details of all 
the rest. 


KEW7MuKimeter 

1000 OPV. DC volts up to 1000, 
DC amps up to 100 mA. AC 
volts up to 1000. Resistance up 
to 150 Kohms. Pocket size. 
"Off" damping. Complete with 
leads & battery. R.R.P. £6.95 
ex. VAT. 


EM 1200 Multimeter 

100,000 OPV. Taut band 
movement. Overload 
protection. Reversible DC 
polarity. AC amps: 15, AC 
volts to 1500. DC amps up to 
15, DC volts to 1500. 
Resistance up to 200 
megohms. R.R.P. £49.95 
ex. VAT. 


K1400 Multimeter 

20,000 OPV. DC and AC volts 
up to 5000. DC and AC amps 
up to 10. Resistance up to 20 
megohms. "Off" damping. 
Overload protection. R.R.P. 
£68.00 ex. VAT. 


EMW, 20 & 30 Multimeters 

10,20 & 30,000 OPV. All with antiparallax 
mirror scale. DC volts to 1000 (1200 for 
EM30). DC amps to 250 mA (600 for 
EM30). AC volts to 1000 (1200 for EM30). 
Resistance up to 6,5 and 60 megohms 
respectively. R.R.P.'s EM10 £12.40 EM20 
£16.40 EM30 £18.95 ex. VAT. 


Test Equipment; EAGLE 



Please send me details of your complete range of Test Equipment. 

Name_Company_^- 

Address_ 


EAGLE INTERNATIONAL 


Precision Centre, Heather Park Drive, 
Wembley, Middlesex HAO1SU. 


PEI 
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Vou'lt learn a lol frnm Heathhil elecironics courses. 


Heathkit electronics courses are a most effective way to learn— 
with fast, reassuring results. 

Each course is a complete self -instructional package with clear, 
concise instructions in everyday language. You follow at your own pace, 
using modem teaching aids and expert guidance. 

Four basic courses to start with. 

DC electronics, AC electronics, semi conductors and electronic circuits. 
These courses give you a thorough and practical understanding—the key 
to all knowledge in the field of electronics. 

Microprocessors and digital techniques. 

The advanced Heathkit courses take you on to higher levels of 
computer technology and advanced circuit design, using the ^ 

same easy-to-follow learning system. - 

Experimenter-Trainers. 

With the benefit of inaeased practical guidance, these optional 
aids will help you through the courses with exceptional speed. 

The finest way to learn. 

Heathkit courses are used by home students, industrial 
concerns, technical colleges and schools. They’re acknowledged 
as the finest way to leam. And the range of courses is complete 
from the earliest stages to the most advanced steps in specialist 
fields. 

Send for the Heathkit Catalogue now 

As well as electronics courses, the Heathkit catalogue contains scores of 
electronics kits which you can build yourself. Burglar alarms, radios, 
digital clocks, car tune-up systems, test instruments, metal locators... 
and an exciting new range of personal computers! 

Forty pages packed with exciting kits you’ll be proud to make. 


I To Heath (Gloucester) Ltd., Deptiio/Ss, Bristol Road, Gloucester, GL26EE. | 
I Please tick the literature you want and enclose the appropriate amount ■ 


1 C Heathkit Catalogue only (enclose 20p). 

□ 16 page Computer Brochure only (enclose 20p). 

I Name_ 




Registered in England, number 606177 


7J 





Our new 1978 catalogue lists a card frame system 
that's ideal for all your module projects — they 
used it in the ETI System 68 Computer. And 
we've got circuit boards, accessories, cases and 
boxes - everything you need to give your equip¬ 
ment the quality you demand. Send 25p to cover 
post and packing, and the catalogue's yours. 


VERO ELECTRONICS LTD. RETAIL DEPT. 

Industrial Estate, Chandlers Ford, Hants. SOB 3ZR 
Telephone Chandlers Ford (04215) 2956 


Put a Clamp on those 
small jobs with 
IMODEX quick-grip vice 



Adaptable on all 
drill supports. V-notch 
allows fixing of all profiles. 


The patented locking system of thfl 
Nodex vice allows for instantaneou J 
locking or loosening for use as 
or as a press. Usable horizontally ol 
vertically on the bench top or oi 
bench edge. 


Dimensions 

Overall length 150mm 

Overall width 130mm 

Overall height 50mm 

Jaw opening 70mm 

Jaw height 35mm 

Jaw width 70mm 

Weight 850 grammes 


Descriptive ieafiet and generai catalogue available from: 


SPECIAL PRODUCTS DISTRIBUTORS LTD. 

81 PICCADILLY, LONDON W1V OHL 

Tel: 01 -629 9556 Cables: Speciprod London Wl| 
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SAXON ENTERTAINMENTS 


THE PIONEERS OF MODULAR DISCO/P.A. EQUIPMENT 
NOW OFFER PACKAGE DEALS AT INCOMPARABLE PRICES 


CENTAUR 
STEREO DISCOS 

C/WIIGHT SHOW & DISPLAY, 


TWIN SPEAKERS & LEADS 


COMPLETE STEREO 
ROADSHOWS-BUILT IN 
SOUND TO LIGHT/SEQUENCER 
& DISPLAY 

JWOYEAR GUARANTEE 


MINI DISCO 
100 WATT 
MONO SYSTEM 


Standard 100W 


£249 


Super 200W 


£299 


GXL200W( 
£389 



£179.50 


Deposit £41.66 


Headphones to suit any system 
EM507 Electret Mic 
ECAA81 Electret Mic 
Boom Stand 

Carriage on all disco and PA systems 
(Included in H.P. Prices) 


_ _ _ _ Deposit £87.32 

12 Months @ £33.31 or 24 Months« £18.76 


BSR Decks - 17,000 Line Loudspeakers - Rugged Al 


illustration shows GXL Centaur System 
These systems feature full mixing for twc 
tape & mic with monitoring facilities - o 
and are supplied complete with sound to 
sequencer, display, speaker leads etc. 

JUST PLUGIN AND GO! 


Output - Slave Output - Deck Lights/Motor Starts (GXL) 


Trimmed Cabinets - Cue Light And Phone: 



D.I.Y. MODULES FOR ALL DISCO/P.A. AMPLIFIERS 


SA308 30W 8 ohms 45V £9.95* 

SA604 60W 4 ohms SOV £13.25 
SA608 60W 8 ohms 65V £14.25 

SA1204 120W4ohms75V £15.95 
SAI208 120W8ohms95V £21.00 
SA2404 240W 4 ohms 95V £29.50 


EE 

£;r‘'| £ 22.50 




TOP QUALITY COMPONENTS THROUGHOUT 




COMPLETE LIGHTING CONTROL AT YOUR FINGERTIPS! 

4kW Sequencer * Sound Light + Dimmers 
^ Automatic level Integrated Logic Module £32.50 

Circuitry Panel £2.95 




SPARES & ACCESSORIES - LOUDSPEAKERS & CABINETS 

Rope Lights - Red or Multicolour £39.50 Melos Echo Chamber £59.00 


fjc. Headphones £7 50* 

Rope Light Controller for up to 120 ft £30.00 Sirens; English Police, USA Police, 

Fuzz Lights-Red/Blue/Yellow/Green £22.80 Destroyer, Alien Voice Simulator £7.50 
Mognetic Cortridge Equalisers£3.50* Bulgin 8 woy lighting plug/socket £1.90 


100 Watt Chassis Loudspeakers 12" £23.50 18" £47.50 


Small 2 X 12" £22.50 


Projector lamps; Al 167 £2.90. M6 £5.65. 
lOOW Spot lamps Red/BlueAellow/Green 
£1.50 ea £13.50 for 10 
MD Spot Banks; 3-way 300W £ 19.50, 
4-way 400W £22.50. 

Bubble machines (optikinetics) £41.50 


Strobe tubes BOW £8.50 
ICI Vynide 50" wide £3.50 Metre 
Kickproot Grille 24" wide £3.25 Metre 
Kick Resistant Grill 50" wide £3.25 Metre. 
FULL RANGE OF RE-AN PRODUCTS IN STOCK 
SEND FOR OUR BROCHURE NOWII 


DISCO MIXERS - COMPLETE OR MODULAR 
<500000000000 w°?!?A°roM 

MODULES 


FEATURES INCLUDE; 




STROBE UNITS 


Pro-Strobe 4-6 Joules £37.50 
Super Strobe 2-3 Joules £22.50 
(Pro-Strobe has external trig; 
facility). 


PROJECTORS - PLUTO - NEW LOW PRICESlI 
CHOICE OF WHEEL/CASSET1I 


PISO150W Tungsten £37.50 Liqui. 

P5CX) lOOWO.I. £74.95 Casi 

P500 250WQ.I. £84.95 Picti 


PIEZO HORNS only £7.50 
YES!-only £7.50 

(As fitted to our package PA system) 




















PACKAGE P.A. 
SYSTEMS 


Complete y/ith PIEZO horn columns fitted with 100 watt 
units (100 watt system illustrated) 


100Watt£159.90"£Tr 

Deposit £38.46 

12 Months @£14.28 

Includes 4 Channel 100 Watt Amplifier with ■ 
Treble, Bass and Master Controls plus Leads 
and Twin Piezo Horn Columns (shown on right). 

200 Watt £249.00 "eTs" 

Deposit £57.12 

12 Months @ £ 19.11 or 24 Months @ £ 10.66 
zsix Mixed Inputs plus Three Sets of Bass and 
Treble Controls plus Slave Output and Master 
Control. 

ACCESSORIES 

Melos Echo Unit £59.00 

A high quality Cassette Tape Echo Unit giving 
long tape life, infinitely variable echo depth 
and speed control. Suitable for all mics. and 

High quality Boom Stand £15.50. Floor 
Stand £9.90. ECM81 Condenser Mic. - 
Removable Lead - Good Anti-Feedback 
£19.95.* EM507 Condenser Mic. - Good 
Value £15.00. Phasers £19.80. 



D.I.Y. MODULES FOR P.A. SYSTEMS Mon.., st.,.. 


easy to wire modules - Available as PCB's or 

1 on panels. 




Up to 20 

r £5.95 

Mono C/W 
ponel etc. 

£8.95 


per £9.50 

Stereo C/W 
ponol etc. 

£12.50 

(On. only 

' r £5.95 

Mono C/W 
ponel ole. 

£8.95 

pot system) 

pr£9.50 

Stereo yW 

£12.50 

^Mo^Tctnols £9.50 

Blank 

£1.00 



prices subject to 8% VAT except where ostensked 
; premises open Tues to Sot 9 am- - 5 pm Lunch 12.30 - 
order dept open Mon to Fri 10 am - 4 pm Ring 01- 

TO ORDER 

ost Send your requirements with cheque crossed 
60p COD charge to address below or just sei 
Access or Barclay Card Number NOT THE CARD 
hoiif You may order COD, Access or Barclay Card. 

& Packing 50p on all orders except where stated. 

SAXON ENTERTAINMENTS 

327 Whitehorse Road, Croydon, Surrey. 

All Enquiries Large SAE Please Brochures on reques 





























































The latest kit 
inn ovation I 

C*RPH1HTH 





the quickest fitting 

CLIP ON 

capacitive discharge 
electronic ignition 
in KIT FORM ^ 

O Smoother running X / 

O Instant all-weather starting 
O Continual peak performance 
O Longer coil/battery/plug life 
O Improved acceleration/top speeds 
O Optimum fuel consumption 


V 



it. Price £3.35 inc. VAT. post & packing. 
s. Dept. PE 10, 82 Bath Street. Walsall, 


Electronics Design Associates, Dept. PE10 
82 Bath Street. Walsall. WS1 3DE. Phone: (9) 614791 

I 



STORAGE CABINETS 



Metal cabinets with 
transparent plastic 
drawers. Ideal for 
components, small 
parts, nuts, bolts 
etc. Many other 
uses in the home, 
workshop, laboratory 
etc. 


Choose from the following rangt 
needs: 


rr - 1^ 3..rr.sr.,„ 

Tns ri 18 15 2 i- esls 


Its are finished Blue, 12” wide x 5f" deep. 
:lude VAT and Post. Satisfaction or mone 
Cheque/P.0. to: 

MILLHILLSUPPLIES (TOOLS) 

35 PRESTON CROWMARSH, 
BENSON, OXON. 0X9 6SL 



PSI lEflGTH 
>44,nchesl 

x £19'°M • 



ALBEN ENGINEERING CO LTD. 
DEPT PE THE CRESCENT WORSTHORNE. 
BURNLEY LANCS Tel Burnley 20940 

















































electr5V5lD1 Bulling Guide 



Capacitors 




•srSliZr”"””*™ 

• COMPREHENSIVE PRICE LIST FREE ON 


electroValDe ltd 









































1 TnnfnFiJS 

ELECTRONICS LTD. 


ELECTRONIC COMPONENT CENTRE 

58-60 GROVE ROAD, WINDSOR, BERKS 
SL4 1HS (TRADE AND EXPORT WELCOME) 

HOTLINE FOR TELEPHONE CREDIT CARD ORDERS - 
WINDSOR 54525 




Become^ 
a radio 
amateur. 

Learn how to become a radio- 
amateur in contact with the whole 
world. We give skilled preparation 
for the G.P.O. licence. 



BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, 

P.O.Box 156, Jersey, Channel Islands. 
NAME_ 


PE SUSTAIN UNIT 


/o/jp*** 


|P.E. OaOBER 1977) 

BUILD A SUSTAIN UNIT EQUAL TO THE 
BEST COMMERCIAL MODELS. 

COMPLETE KIT-£7.95 

ALL HIGH QUALITY COMPONENTS 
AS SPECIFIED. 

DESIGNER APPROVED. 



Complete set of semiconductors £4.99 

LPl 186 Tuner Head £9.60 

Gloss fibre PCB, printed with component 

locations £2.45 


[ Complete set of semiconductors £9.40 

Glass fibre PCB, printed with component 

locations £3.50 


PE DIGITAL VOLTMETER (APRIL 1977) 

SPECIAL CLEARANCE OFFERS (while stocks last) 

diodes, regulators etc. but without displays. £1 

Set of two professional grade printed circuit boards in 
^loss fibre ond^rinted with component locations. ' 

Complell let of “’tSTi"'?'' 

2NA116 £6.00* 

ZN423 £1.00*. 


-jar-.... 

-ith circuits. ZN7447A E1.00». 78MOI 

PE TV SOUND SEPARATOR 

miconductors £2.30. High qi ' 

- . ...OMA, 35p. CDA6.0MC 35p. 

P & P 15p per order. Orders —— " —‘ ‘— 


:ts. Send S.A.E. for our di 

ude VAT—add 8% to 


ss marked*, and 12^% to 


DAVIAN ELECTRONICS app™,..„„.y, 

^ 13 Deepciale Avenue, Royton, Oldham 0L2 6XD j 
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dDUERSI 

Tomorrow’s Electronic Organ Kit is Here 



POSSIBLY A NEW NAME TO 
YOU, BUT KNOWN IN OVER 25 
COUNTRIES FOR THE SUPERIOR 
INSTRUMENTS WHICH THIS 
GERMAN COMPANY PRODUCE 


USED BY WEST GERMAN 
BROADCASTING SERVICE 


GALAXY 

The Flagship of the 
WERSI range of 
Organs 

WERSI is the first kit producing 
company applying the latest 
achievements of the space age 
technology. 

This has decisive effects on the 
technical and musical quality of 
WERSI's electronic organs for the 
do-it-yourselfer. 

The application of modern inte¬ 
grated circuits, so-called IC’s, 
simplifies the organ construction 
considerably. A single 1C may 
replace up to 10,000 conventional 
electronic components. In 
addition, IC's save a lot of space 
and they are extremely reliable 
devices. 

WERSI, however, went a step 
farther yet. IC’s which were not 
available on the open market were 
developed for specific purposes by 
WERSI engineering. They are 
being produced by the most highly 
reputed IC manufacturers in the 
world. The result: economical 
electronic organs with the most 
up-to-date techniques and unsur¬ 
passed musical capabilities. 


PLAYED BY KLAUS 
WUNDERLICH AND OTHER 
FAMOUS ORGANISTS 


To; AURA Sounds, PI., Copthorne Bank, Crawley, West 
Sussex. 

Please telephone to arrange demonstration 0342 713338 
I enclose £2 00, refundable against my first order to the value 
£25 00. Please send the Wersi catalogue and price list. 

NAME . 

ADDRESS . 


• Precision Master Generator, using MOS-LSI. 

• Integrated electronic keying in PL technology 

• Unique—All switch functions are program¬ 
mable. 

• Even the smallest organ has drawbars in addi¬ 
tion to fixed stops. 

• Craftsman-made cabinets available in 5 veneers 

• Ready-made wiring harnesses eliminate errors 


Send now for the 104 page full colour catalogue 
and 16 page price list describing the 8 organs in 
the range, together with the complementary kits 
which WERSI produce. 


Without doubt, the most 
comprehensive kits and the most 
, p-to-date designs available today. 
Just consider a few of the features 
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KITS FOR SYNTHESISERS, SOUND EFFECTi 


COMPONENTS SETS include all necessary resistors. 

CIRCUIT AND LAYOUT DIAGRAMS are supplied 

PHOTOCOPIES of P.E. texts for most of the kits 

PHONOSONICS 

MAIL ORDER SUPPLIERS OF QUALITY 
PRINTED CIRCUIT BOARDS, KITS AND 
COMPONENTS TO A WORLD-WIDE 
MARKET 


P.E. MINISONIC Mk. 2 SYNTHESISER 


CONSTANT DISPLAY FREQUENCY METER (PE AUG 781 

r Dssignl haTswthre alZ^il^vo^^^^^^^ Ho„C ““rii 


imsssi'^~i WSwmrs 

ssiS ass^ ^^5Ff».~= 
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iND OTHER PROJECTS 

mOTOGRAPHS in this ^advertisement 

UST—Send starnped addressed 

OVERS^EAS enquiries for list Eu^ot>«- . 



ENGINEERS 



liS 





eau 

YOURSELF FOR A 

BEHERJOB- 

Do you want promotion, a 
better job, higher pay? “New 
opportunities” shows you how 
to get them through a low- 
cost, Home Study Course. 
There are no books to buy 
and you can pay as you learn. 



MOREPAYI 

This easy to follow GUIDE 
TO SUCCESS should be read 
by every ambitious engineer. 
Send for this helpful 44-page 
free book NOW! No obligation, 
nobody will call on you. It 
could be the best thing you 
ever did. 


CHOOSE A BRAND NEW FUTURE HERE 

I ■■ ■ CUT OUT THIS COUPON ■ am ib m 

Tick or state subject of interest. | 


PHONOSONICS 


C. & G. Elect. 
Installations □ 

Elect. Install. & 
Work □ 

C. & G. Elect. 
Technicians O 

RADIO & 
TELECOM¬ 
MUNICATIONS 


C. & G. Radio, 
TV & Electron! 
Mech. Cert, 


AUTO & AERO 
Motor Mechanics: 
C, &G. Motor V. 




nd,t,on,n^. 


Draughtsm 
& Design 
L.I.O.B. 


MECHANICAL 
A.M.S.E. (Mech.)[ 
General Mech. 
Eng. [ 

Inst. Engineers & 
Technicians [ 

Maintenance 
Engineering I 


DRAUGHTS¬ 
MANSHIP & 
DESIGN 


G.C.E. 

—58 ‘0’ & ‘A’ Level Subjects 
—over 10,000 Group Passes! 


Aldermaston College 


23, Reading RG7 4PF 


ECIY »DT. Tel. 628 27 
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af| Wyntslow 

^ Audio 

THE firm for speakers! 

SEND 15p STAMP FOR THE WORLD’S BEST CATALOGUE OF 
SPEAKERS, DRIVE UNITS, KITS, CROSSOVERS, ETC. AND 
DISCOUNT PRICE LIST 


ACT • AUDAX • BAKER 
BOWERS & WILKINS • CASTLE • CELESTION 
CHARTWELL • COLES • DALESFORD 
DECCA • EMI • EAGLE • EUC • FANE 
GAUSS • GOODMANS • HELME • I.M.F. 

ISOPHON • JR • JORDON WATTS 
KEF • LEAK • LOWTHER • McKENZIE 
MONITOR AUDIO • PEERLESS • RADFORD 
RAM • RICHARD ALLAN • SEAS 
TANNOY • VIDEOTONE • WHARFEDALE 


WILMSLOW AUDIO (Dept. P.E. 8) 

SWAN WORKS, BANK SQUARE, WILMSLOW, 
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SMUG 

E ALL like to feel a bit smug some 
times and we hope P.E. has a 
right to this month—though not for 
long I The V.D.U. System construction 
project which appears in this issue is 
believed to be the first design 
published in Britain, and makes use of 
an excellent Thomson CSF chip which 
has recently become available on the 
amateur market. The new chip 
incorporates most of the electronics 
required to produce a memory mapped 
system. 

The unit provides, at a relatively low 
price, one of the most useful 
peripherals for the home computer 
man. All components, including the 
modulator, are on one "small" p.c.b. 
which includes IK of user RAM 
mounted in a novel way. 

The second item which we feel is 
worthwhile is the sheet of STICKIES, 
free with this issue. We have said they 
are worth 60p, which is true, but in fact 
with postage etc. you would have to 
spend 80p to get this product. Since 
they are so useful (see page 1093) we 
are sure most readers will consider 
them a very worthwhile gift. They are, 
of course, worth more than the cost of 
the issue! 


VALUE 

With the inclusion of more editorial 
pages per issue in recent copies of 
P.E.—and such items as the free 
STICKIES, 8-page supplement next 
month and some planned special offers 
etc., we have been doing our best to 
give good value for money and will, of 
course, continue in this way. However, 
as we said above, we won’t be staying 
smug for too long as next month the 
price of P.E. will rise to 50p. 

The last price increase was with the 
November 1977 issue—exactly a year 
ago and, as we all know, inflation has 
and no doubt will, continue. Our costs 
go up and reluctantly these must 
eventually be passed on. We hope you 
will still consider P.E. good value for 
money. 

SAVING 

Over the years we have presented a 
number of projects to help readers to 
save money In one way or another and 
our Fuel Consumption Meter in this 
issue is no exception. The price of oil 
regularly makes the headlines and no 
doubt it will not be long before this 
happens again. With the aid of our 
consumption meter better fuel 
economy can be achieved—something 


we can all benefit from in one way or 
another. 

If readers have devised other cost 
saving circuitry we would be pleased to 
hear from them. Even if you have an 
idea for some equipment a letter to us 
could set a few minds going and 
maybe a designer working? 

To give an idea, a spontaneous 
invitation for suggestions from the 
office brought forth the following: 

An independent timing device to 
display the cost of a telephone call 
(local or distant), and along similar 
lines, a meter for mains power 
consumption reading pence per hour. 

PARTICIPATION 

We try to keep Readout interesting 
each month and publish the "bad" with 
the "good" and sometimes even the 
"ugly"—see page 1102—but so much 
depends on you transmitting your 
views and thoughts I It is good to see 
some interesting and constructive 
submissions to Microbus this month 
and, as always we have plenty of I.U.’s, 
but please don't forget that Readout is 
your page so keep the letters coming 
and we will keep publishing the 
interesting and informative ones. 

Mike Kenward 
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Itoma mentioned are usually available from electronic 
equipment and component retailers. However, where 
a full address is given, general enquiries may 
^ be made direct to the firm concerned. ^ 

All quoted prices are correct at 

time of going to press. ^ 


by 
Alan 
Turpin 

WONDERBOARDS 


and 
David 
Shortland 

COMPACT TEMP CONTROLLER 


Fresh in from across the big pond, Wonder- 
board is a solderless breadboard system using 
holes filled with a conductive elastomer 
(rubber) as the connecting points. The contact 
points are accessible from both sides of the 
board enabling components to be mounted 
one side and wire linking to be made on the 
other. Hole pitch is 0-lin and there are six 
rows of 31 holes allowing up to a dozen 14 
d.i.l. devices to be mounted. Each contact 
point will hold up to six wires. 



Specifications given are as follows:— 
contact resistance lOmfl, current capacity 
7A, breakdown voltage 9kV, insulation 
resistance lO.OOOMn, min/max wire 
diameters 0-2 to 0-8mm (32 to 20 gauge), 
contact life 150 insertions, useful temperature 
range —55 to -fl00°C. No noise/frequency 
figures were given but have been requested. 

Wonderboards are available singly at £2-50 
from Charcroft Electronics, and distributor 
enquiries are invited. 

Charcroft Electronics, Charcroft House, 
Sturmer (Haverhill), Suffolk. Tel. 0440 5700. 


Capable of switching or controlling 3kW 
directly, the CAL 6103 high power, compact 
temperature controller is a panel mounted unit 
with a DIN standard 48mm^ bezel, and a 
±1 per cent accuracy (typical) under steady 
load conditions. 

The CAL 6103 is available to order in tem¬ 
perature ranges from 0°C to 1,600®C. Any 
specified thermocouple input, or PTIOO, can 
be supplied. 

Its proportional control system avoids the 



unnecessary “hunting” encountered in other 
compact on/off temperature controllers. Time 
cycUng is set to a “standard” 20 secs which 
suits most applications. However, CAL will 
supply units with cycle times from 5 secs to 
120 secs to order. 

For resistive loads the output/control relay 
will switch 14A at a.c. mains voltages. A static 
output can also be provided to accommodate 
remote thyristor control systems. 

For further information contact Controls & 
Automation Limited, Regal House, 55 Ban¬ 
croft, Hitchin, Herts. 


3-RAIL POWER SUPPLY 

A three-rail Eurocard power supply 
announced by Lascar Electronics is suitable 
for-most circuits where digital and linear 
devices are mixed. 

The supply features one output of 5V lA, 
and dual tracking outputs adjustable between 
+5V and 15V with a maximum of 100mA per 



rail. The 5V and twin-rail supplies are isolated 
from each other and feature short-circuit, 
over-temperature and fold-back over-current 
protection. Input voltages 220V a.c. or 240V 
a.c. The supply is fitted with terminal blocks 
on the input and outputs, and is assembled on 
a p.c.b. measuring 160 x 100mm, with a 
maximum height of 47mm. 

For details contact Lascar Electronics 
Limited, PO Box 12, Moduie House, 
Billericay, Essex. 


EXTRACTOR TOOL 

Designed for the specific task of 
automatically extracting i.c.s from p.c.b.s on 
completion of the desoldering operation, the 
DIP-OUT tool from Vero Electronics 
eliminates the danger of damage to i.c. legs by 
virtue of its “even pull” action. When used 
with a desoldering block it provides a fast and 
efficient method of removing i.c.s. The price of 
the tool is £5.67 plus VAT. 



For further information contact Vero Elec¬ 
tronics Limited, Industrial Estate, Chandler’s 
Ford, Eastleigh, Hampshire. 
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MICRO-BOARD 

With the increasing use of SI00 boards and 
bussing systems in microcomputers, Vero 
Electronics have released a universal SI00 
bus-compatible prototyping board. Designed 
for the manufacture or breadboarding of 
microprocessor, memory or interface assem¬ 
blies the board will, without modification, 
mount directly into any equipment using the 
SlOO bus system. 



The board has an SlOO edge connector 
configuration (100 gold-plated contact fingers 
on 3-175mm/0-125in pitch) and is fully 
pierced with 102mm/0 040in diameter holes 
on a 2-54mm/0-lin matrix. Provision is made 
for mounting up to four standard TO-220 
plastic package regulators together with heat¬ 
sinks for on board regulation, and the voltage 
plane is capable of being divided to provide up 
to four separate positive or negative supply 
rails. The component side of the board carries 
a ground plane which can be used for termina¬ 
tions or screening and the wiring side carries 
both voltage and ground planes, thus 
providing for up to five planes. 

A wide range of compatible standard 
accessories such as DIP sockets, pins, 
headers, ribbon cables, etc. is available, 
enabling the prototyping board to cope with 
virtually any microprocessor or 
microcomputer circuit requirement. 

For further information contact Vero 
Electronics Limited, Industrial Estate, 
Chandler’s Ford, Eastleigh, Hampshire. 



£100 SCOPE 

The Elmac 4810 single beam oscilloscope 
will interest many constructors because of its 
low cost (£99-6 o plus VAT) and excellent 
specification which includes 4in CRT, d.c. to 
5MHz bandwidth (vertical axis), IMD input 
impedance and a maximum input voltage of 
600V peak to peak. 

For further information contact Gemini 
Electronics, Newton Building, Newton Street, 
Manchester 1. 



PROGRAMMABLE TV GAMES 

General Instrument Microelectronics have 
introduced a new set of MOS microcircuits for 
use in cartridge-based programmable TV 
games. Known as SYSTEM 8601, the circuits 
include a clock generator, colour encoder, 
modulator and a selection of cartridge 
microcircuits—enabling fully programmable 
games systems to be built at low cost. 

Each games system will consist of a console 
into which individual game set cartridges are 
slotted. Each console will contain clock, en¬ 
coder and modulator, as well as game con¬ 
trols, switches, power supplies, etc. Each car¬ 
tridge contains individual games microcircuits. 


plus interface circuitry, and all sets will feature 
realistic sound generation and on-screen scor¬ 
ing. 

Some of the cartridge-mounted microcir¬ 
cuits are already available, including the 8610 
“Supersport” (20 games), the 8765 “Motorcy¬ 
cle” (8 games) and the 8603 “Road Race” set 
(3 games). Three more circuits—the 8607 
“Target” (12 games), the 8606 “Wipeout” (24 
games) and 8605 “Warfare” (10 games)—will 
go into production within two months, with 
more to follow before the end of the year. For 
further information contact General Instru¬ 
ment Microelectronics, Regency House, 1-4 
Warwick Street, London, WIR 5 WB. 


CRUSH PROOF DMM 

A new series of true r.m.s. 4|-digit 
multimeters for bench and field use has been 
introduced by Systron-Donner Limited. 

This new series consists of four models, 
available with a choice of d.c. accuracies of 
either 0 02 per cent or 0 05 per cent, and with 
a choice of current or dB measuring modes. 

All models feature auto and manual range 
selection with a.c. and d.c. voltages from 10 
microvolts to 750V and 1,000V respectively, 
measured in five ranges. A true r.m.s. a.c. 
converter permits accurate measurements of 
triangles, pulses, square waves or distorted 
sinewaves up to 20kHz. 

The resistance mode offers six ranges 
allowing measurements from 0-010 to 20Mn. 
All ohms ranges are protected against input 
overloads of up to 350V r.m.s. 

This multimeter will also measure dBs from 
—60 to -^60 in five manual ranges. This 
capability is especially useful in checking long 
line voice communications. The dB mode is 
offered in place of the 5 d.c. and a.c. manual 
current modes which cover measurements 
from 1 microamp to 2 amps. 

The cost of a DMM is directly related to 
the d.c. accuracy specification. Since 
applications can vary, Systron-Donner 
decided to offer its new Portable DMM with 
two different basic d.c. accuracies. The Model 
7141 A, which is the lowest priced has a d.c. 
accuracy of ±0-05 per cent of reading ±0-05 
per cent of full-scale for a full 6 months. The 
Model 714IB offers a basic d.c. accuracy of 


±0-02 per cent of reading ±0-01 per cent of 
full scale for a full 6 months. Care was taken 
in designing the circuit to choose components 
that minimised drift. 

Two extra cost options can be specified: 
one adds an analogue meter to the front panel. 
This gives the user the ability to make nulling 
and/or peaking measurements and the other is 
a battery pack. An internally mounted set of 



six nicad batteries provides approx. 2| hours 
of continuous operation between charges. 

Portable DMMs need to be packaged to 
withstand frequent handling and accidental 
drops. To prevent damage, the unit is installed 
in a clamshell-shaped case made from 
Cycloy—the new ABS/Polycarbonate plastic 
alloy. The result is a case which is drop-proof 
and crush-proof. 

For further information including price 
contact Systron-Donner Limited, St Mary’s 
Road, Sydenham Industrial Estate, 
Leamington Spa, Warwickshire. 
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4-DIGIT PRESET COUNTER 

A new 4-digit counter module claimed to be 
capable of almost all counting functions has 
been recently introduced by Lascar 
Electronics. Working from a -)-5V d.c. supply, 
the module incorporates 0-43in high efficiency 
l.e.d.s and is capable of counting at rates up to 
2MHz. Besides normal counting from input 
pulses, the display can be set from external 
BCD sources. 

The module also incorporates an internal 
register. When counter and register are level. 


To provide maximum operator control, 
Adcola Products Ltd has designed a new Unit 
101 TS model which features a far shorter and 
lighter soldering instrument. 

The main circuit design is based on a ther¬ 
mocouple positioned at the rear of the solder- 


VIDEO SYSTEM 

The consumer’s choice in video recorders is 
further extended this month with the arrival of 
National Panasonic’s VHS (video home 
system) NV8600. 

The unit, which is similar in operation to an 
audio cassette deck with controls for play, 
stop, rewind and fast forward also has a 
remote “pause” control to enable easy editing 
of unwanted material from a programme. 


Three, two and one hour tapes are available 
at £13-50, £10-50 and £8-(X) respectively and 
these tapes can run on any of the other VHS 
recorders on the market in this country. 
Lining up with National Panasonic to offer 
video home systems are Akai, Hitachi, JVC, 
Mitsubishi, Sharp and Thom. 

The NV8600 which is priced at £750 
including VAT is available through High 
Street TV retailers. 


IRON CONTROLLER 

Miniaturisation of components and 
increasingly complex printed circuit board 
design have brought in their turn the need for 
precise operator control of soldering irons. 
Apart from the likelihood of expensive 
damage caused by poorly earthed soldering 
instruments the operator now has to position 
the soldering bit more carefully, often in close 
proximity to heat or voltage sensitive compo- 


ing bit feeding an operational amplifier which 
is switched via a zero crossing integrated cir¬ 
cuit. This design avoids the need for moving 
parts which may wear and eliminates voltage 
transients in “Spiking”, RF interference and 
the generation of magnetic fields. Proportional 
control also ensures a precise temperature to 
within +2 per cent of the indicated dial 
temperature—the dial may be locked onto 
any specific temperature within the range of 
120-380°C. 

The unit is earthed from the supply to the 
soldering bit to provide maximum safety 
against leakage currents, making the tool 
suitable for use with the majority of voltage 
sensitive components including FETs and 
CMOS. 

For further details and a full specification 
on the unit contact Adcola Products Ltd, 
Adcola House, Gauden Road, London 


ROCKWELL'S AIM 

Rockwell, who recently announced a single 
chip microcomputer called the R6500/1, have 
just introduced a single board microcomputer 
system which features an on-board 20 column 
printer and display with a full alphanumeric 
keyboard. 

Designated the AIM 65 the system is inten¬ 
ded as an educational aid for first time users 
and a general purpose microcomputer for 
engineers. 

The AIM 65 is available in IK and 4K byte 
RAM versions, is designed around the 6502 
CPU which has 64K address capability with 
13 addressing modes and is the 
microprocessor at the heart of other popu¬ 
lar systems such as KIM 1, PET and 


an “equals” output is produced giving many 
applications in batch counting, machine 
control etc. Thumbwheel switches can be used 
to set levels in both cases. 

TTL/CMOS compatible, the module also 
features carry-borrow and zero outputs and 
count inhibit and store controls. 

The count- input has a Schmitt trigger 
making the module suitable for use in noisy 
environments. 

For details contact Lascar Electronics 
Limited, PO Box 12, Module House, 
Billericay, Essex. 


APPLE. An 8K ROM resident monitor 
programme provides all peripheral control and 
user programming functions. Spare sockets 
are included to further expand on-board 
program memory via user PROM-based 
programs or Rockwell’s assembler, text editor 
and BASIC interpreter plug-in ROM options. 


The AIM 65 board also has a connector 
that allows external access to the system bur 
for memory and I/O expansion. A separate 
application connector interfaces a teletype and 
two standard cassette recorders, and includes 
a user-dedicated Versatile Interface Adaptor. 
The VIA features three 8-bit bidirectional 
ports (two parallel, one serial) and two 16-bit 
interval timer/event counters, thus allowing 
the user to interface his own system, in many 
cases without the need for extra interface 
devices. 

The system which is priced at under £250 is 
stocked by Pelco (Electronics) Ltd., Enterprise 
House, 83/85 Western Road, Hove, Sussex. 
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FRANK W. HYDE 


PLUTO 

Once again doubts about the most distant 
planet yet to be discovered in the solar system 
arise. It is a reminder that each new set of data 
which becomes available can seriously upset 
previous ideas. There have been many ex¬ 
pressed doubts about Pluto, more perhaps 
than in regard to the other bodies revolving 
round the Sun. 

Only a short while ago the size of Pluto was 
re-assessed. It demoted the planet from an es¬ 
timated size of near to that of the Earth and of 
the same density, to the size of the Moon. 
Quite plausible reasons were given for this. 
The density was suggested to be about -01 of 
that of the Earth. 

The acceptance of this meant that in no 
way could the perturbations of Uranus be 
linked with the effects of Pluto and its prox¬ 
imity. As previously reported in 
SPACE WATCH about three years ago the 
Soviet Union had calculated that there were 
possibly two planets beyond Pluto. 

The two planets were shown to respond to a 
position from the Sun, but no celestial coor¬ 
dinates were offered. The suggested distances 
were: one at a distance of 54 astronomical 
units from the Sun which would imply a possi¬ 
ble diameter of 12,000 miles; the second was 
set at 100 astronomical units from the Sun 
with a diameter of 18,000 miles. In that event 
the period of the first one could be of the order 
of 350-370 years and that of the second of the 
order of 1,000 years. It must be remembered 
that the whole of these data represent a com¬ 
puter mode. No visual identification has been 

Now a new situation arises as the result of 
the discovery of a satellite associated with 
Pluto. This body has been named Charon, the 
name bestowed upon it by its discoverer. The 
present official designation is 1978-Pl. Until 
the details are truly confirmed retains the 
number. However there seems to be little 
doubt that it is a satellite and in accordance 
with custom the discoverer has the choice of 


name. The discoverer was James Christy from 
the Naval Observatory, Washington, DC. It 
was part of a study to refine the data 
regarding Pluto’s orbit which is a nominal 248 
years. The plates examined showed an elonga¬ 
tion of the planet. 

This set Christy the task of confirmation 
from other photographs that had been taken. 
He made an examination of the photographs 
taken from the same observatory in 1970 and 
in 1965. The telescope used was that situated 
in Arizona (Flagstaff). These pictures had the 
same evidence but the observers then had 
decided elongation was due to a plate fault. 

A confirming plate was taken with a 4m 
telescope at Cerro Tololo Inter-American Ob¬ 
servatory in Chile. Also a third confirmation 
has come from J. Derral Mulholland from 
photographs taken in 1977 at Macdonald Ob¬ 
servatory in Texas. However as there has not 
been a plate so far that shows a division be¬ 
tween the planet and the satellite, final confir¬ 
mation cannot be assumed. 

While resolution has not been attained the 
fact is that if it is not a satellite then it will 
have to be concluded that Pluto is several 
times longer than it is wide. In other words 
more like one of Mars’ satellites. This would 
seem highly unlikely. The very existence of a 
satellite immediately provides atronomers with 
a tool to measure the parent body. 

Robert Harrington, of the Naval Obser¬ 
vatory, has given the centre to centre distance 
between the planet and the satellite as 
17,000km. Its diameter is set at about 40 per 
cent of Pluto. If this is so, then the satellite is 
the largest, in proportion to its parent, such 
body in the solar system. The orbital period is 
6-4 days. This means that it is stationary over 
one point on Pluto’s surface, as Pluto’s own 
period of rotation is calculated at 6-4 days. 
The estimate of density of the satellite in¬ 
dicates that Pluto has a density of 0-002 of 
Earth. 

This alters entirely the current picture of the 
Planet. Now it confirms the model that Pluto 
(because its density is less than that of water) 
may well be nothing but a snowball. That is a 
snowball of frozen gases. The infra-red obser¬ 
vations from Kitt Peak, showed that a plen¬ 
tiful covering of the gas methane (frozen) was 
apparent on the surface. 

Brian Marsden of the Smithsonian 
Astrophysicai Observatory who is responsible 
for the coordination of new discoveries has 
said that perhaps Pluto should be re-classified 
as a minor Planet. 

Theories have been offered by Robert 
Harrington and T. Van Flandern of the Naval 
Observatory. The foremost hypothesis is that 
an unknown planet at some time in the past 
passed through the satellite system of Nep¬ 
tune. If it had a mass of four times that of the 
Earth it would have disrupted the system and 
Pluto ejected as a result. The new satellite of 
Pluto could have been created then. If this 
were the case then the intruding body would 
have been violently thrown about and could 
now be a tenth planet at a distance of 50 to 
100 astronomical units from the Sun. It would 
be too faint to be easily seen and a long 
programme of searching might be necessary 
to locate it. 

This agrees with a previous study in 1972 
when Rawlins and Hammerton were 
searching for another planet. They suggested 


that the motion of Neptune was consistent 
with a body of 2 to 5 Earth masses at a dis¬ 
tance of between 50 and 100 astronomical 
units. The suggested longitude would be be¬ 
tween 310° and 350°. At the same time they 
made it quite clear that they did not think that 
there was such a planet. The reason for this 
was that at the time of the search for Pluto the 
Lowell Observatory covered so much of the 
sky in their search that if there had been a 
body of reasonable brightness it would not 
have been overlooked. However a spherical 
coverage was not made. 

Here is the point where present space ac¬ 
tivity meets with astronomy and this recent 
discovery. August SPACEWATCH gave 
details of the mission for the exploring of the 
areas around the Sun out of the plain of the 
ecliptic. This could very well reveal such a 
body or indeed the two bodies suggested by 
the Russian astronomers. 

The classical theory of Pluto’s origin is that 
it was once a satellite of Neptune. It was 
thought that it orbited Neptune every 6-4 days 
but came to near collision with Triton, another 
Neptunion satellite. The result of this encoun¬ 
ter threw Triton into its present retrograde and 
ejected Pluto to become a planet of the Sun. 

There is another matter to be considered 
and that is whether in fact Pluto and its 
satellite is a binary unit. With the present 
figures it would suggest that the two bodies 
revolve about a centre 6800km from the cen¬ 
tre of Pluto. Thus there would be a system 
which behaved in the manner of a body 
13,600km in diameter. This aspect well 
deserves some consideration. 

A mission to investigate seems a must. 
Could it be that the Halley comet probe might 
do this after the cometary encounter. There 
seems to be a good case for knowing once and 
for all whether Pluto does have a significance 
in the Solar system. 

MORE FROM THE USSR 

The success of the Soyus-30 and the 
Progress-2 mission is already established. The 
space-walk also marks another satisfactory 
point in the progress of Soviet ventures. 

The new furnace known as Kristall has 
been in use to produce pure monocrystals by 
the zone-melting technique. The furnace was 
used to form a monocrystal of gallium ar¬ 
senide from a high temperature solution. The 
new furnace is installed in the transfer tunnel 
of Salyut-6. The crew have also been working 
on the Splav furnace to obtain new semi¬ 
conductor materials and compounds of 
aluminium and tin and molybdenum. 

COPERNICUS DISCOVERS 
BLACK HOLE 

Among the instruments on the Orbiting 
Astronomical Observatory known as Coper¬ 
nicus there is an X-ray telescope from Univer¬ 
sity College, London. It is this instrument 
which observed the X-rays of the super-giant 
double star in the constellation of Scorpio. 
Work which began in the 70’s under Norman 
Walker of the Royal Greenwich observatory 
had shown that the super-giant had an unseen 
companion. The star is about 5,000 light years 
from Earth. The amount of X-rays received 
indicate that the unseen object must be a 
collapsed star. 
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LATEST DEVICE = LOWEST PRICE = SIMPLEST CONSTRUCTION = MEMORY MAPPED VDU 


THIS project has been written to satisfy one of the most 
• important needs of the home microcomputer 
constructor—an inexpensive output device for ASCII 
characters. The VDU shown here uses the very latest "one 
chip” VDU controller and provides, among other things: 

(a) 16 lines x 64 ASCII characters. 

(b) Full memory mapping, enabling random access to any 
part of the screen. 

(c) An extra 1K bytes of user RAM. 

(d) Full cursor control and screen scrolling in hardware. 

(e) High speed (limited only by MPU). 

(f) An inexpensive and easily constructed design. 

(g) An excellent addition to an evaluation kit. 

The output from the unit is either in the form of video 
information suitable for a video monitor (or modified TV), or 
UHF modulated information to plug straight into a TV aerial 
socket. 

The VDU shown in Fig. 1 is a complete output peripheral 
for a computer of any type. The details described below are 
orientated towards microcbmputer based machines of 8 bit 
(one byte) word length, but apply almost unaltered to any 
type of system. The machine contains a 1 kilobyte block of 
user random access memory (RAM) which forms an addition 
to the MPU's addressable memory. The VDU should be 
thought of as a "window" to this area of RAM where each 
character position is a memory location in the micro¬ 
computer. 

This type of VDU design has several advantages over the 
straightforward video writer system which acts very much 
like a teletype, all information being sent sequentially, thus 
preventing the random selection of any character slot. 


The design is based around the new chip by Thomson- 
CSF which carefully controls the display timing with a 
minimum of extra chips. This i.c. also generates a flashing 
cursor with full position control, and allows the screen to be 
scrolled in the fashion of a roll of teletype paper in action (all 
hardware functions within the chip). This is described in 
detail later. 

The VDU has ten address, eight data and seven control 
lines which interface to the standard bus systems of most 
MPU designs. The timing of the unit is generated using a 
1 MHz quartz crystal. 

All character information is in standard ASCII character 
coding. It is advisable to keep, close at hand, a copy of the 
hexadecimal equivalents to each of the 64 characters in the 
2513 character generator. 

To interface a VDU to a computer system, some basic 
software is required. The VDU programme which suits your 
machine will depend upon its resident monitor. The basic 
elements, however, of a VDU programme will be common to 
most MPU systems. A general example is presented later to 
help with VDU utilisation. 


OPERATION 

The heart of the system is the Cathode Ray Tube 
Controller (CRTC). The clock requirements of this chip are 
supplied by a TTL oscillator circuit which is then divided by 
eight and fed to the clock input of the CRTC. To understand 
the working of this device, it is necessary to appreciate that 
the brightness of a TV line is proportional to the voltage level 
applied to its video input. 
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Fig. 1. Block diagram of VDU. Connection of tho data bus, address bus, and soma common control lines will allow this 
system to work with most microcomputer systems 


As the line of a TV picture strobes across and down the 
screen, it must lighten and darken at exactly the right 
moment to build up a complete picture. Only two levels are 
used here; logical one, and logical zero, giving white and 
black. These ones and noughts are stored in the 2513 read¬ 
only memory employing it as a character generator, and it is 
the CRTC which controls the exact moment at which these 
are available to be displayed on the TV screen. A TV line is 
continuous and needs the ones and noughts in a sequential 
manner, hence the use of the "parallel-in serial-out" device, 
whose speed of transmission is determined by the TTL 
oscillator. 

In order to send the correct character to any position on 
the screen, the CRTC generates the addresses for the RAM 
block which sends back the characters for display in the form 
of ones and noughts along its data lines. These are latched 
and form the address inputs for the 2513. The CRTC places 
white regions between characters by disabling the 2513 in 
those time slots. 


In this mode of operation, the address buffers between 
the CRTC and the RAM are enabled (at zero level), and the 
data buffers into the RAM and the address buffers from the 
MPU are disabled. The RAM is also held in a "read" 
condition, being a one on the read-write (R/W) line. When 
the MPU wishes to address the RAM, the states of these 
buffer-enables are changed to allow the MPU to read or 
write to or from the RAM. The R/W line is controlled 
accordingly. 

The final block of the system is a UHF modulator to allow 
the VDU to interface to an unmodified TV set. The definition 
of the display is always partly degraded by this technique. 
For those with a monitor or a modified TV set, a video output 
is provided which gives a highly stable and clear display. 

CONTROL LINES 

The VDU-select line is decoded from the upper address 
lines of the MPU system and is active-low. The enable line is 
a control generated by most MPU systems to enable only 
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Fig. 2. Cursor control flowchart 


when the address information is valid, thus preventing a 
false read or write. This line is fed from VMA & in a 6800 
system and Is also active-low. R/W is generated by MPU 
systems to distinguish between a read (R/W= 1) and a write 
(R/W = 0) operation. 

This leaves only the CRTC control lines Cq, C,, Cj and ST! 
They are specific to this chip and allow hardware control of 
the cursor (a flashing character permanently on display). The 
cursor may be moved up, down, left or right, by applying the 
appropriate ones and noughts on Cq, C, and Cj. 5T is used to 
inform the CRTC that a control word is present. 


OPERATING SYSTEM 

Displaying information on the screen is a very 
straightforward operation with this VDU. Characters are 
displayed by writing their ASCII codes to memory locations 
in the VDU. The exact addresses involved depends upon 
where in memory the VDU RAM has been placed. 

It should be remembered that the display consists of 
1024 ASCII characters arranged so that the top left position 
on the screen is the lowest address in the block. Thus, a user 
may decide to place this additional 1 kilobyte block of user 
RAM at address 0000 to 03FF (hex), for instance. These 
particular addresses are best used for other things in a 6800 
system, however, and a better suggestion is to place it at, 
say, 1000 to 13FF. This means that the ten lower address 
lines, Aq to A^ are necessary to distinguish between each 
address on the screen. The upper six lines must be decoded 
to address this particular block of memory as opposed to any 
other. This occurs when A ,5 to A,o have values 000 100 
respectively. That is, when the MP U places the se six values 
on the respective address lines, the VDU Select line must go 
low. The first 10 address lines of the MPU are fed to the 
VDU and take care of addressing within the VDU RAM 
automatically. 

A typical display operation is illustrated by the following 
example. Suppose the word "hello" followed by spaces, is to 
be displayed on the top line. The letters of "hello" are first 
converted into their hexadecimal equivalents in ASCII: 

H=48 (hex) 

E = 45 (hex) 

L = 4C (hex) 

0 = 4F(hex) 

SPACE = 20 (hex) 

A small program is now written to store 48, 45, 4C, 4C, 
4F, in consecutive memory locations starting at 1000, in the 
above system. This displays the word at top left of the 
screen. Another program is then written to store 20 in 
locations 1005 through 103F. This fills the rest of the top 
line with blanks. In this way, any program, while running,, 
simply stores the ASCII equivalents of its output somewhere 
in the VDU RAM. 

Another important use of the VDU comes in program 
writing. Several ways may be used to check on what has just 
been written. The program may simply be input to the MPU 
system by a bootstrap loader. This is the type most 
commonly found in MPU monitors. 

A "dump" of the contents of a block of memory 
containing this program may then be displayed on the 
screen for checking. Some monitors already contain a 
formatted dump, and it is then simply a question of ensuring 
that the VDU RAM is enabled at the correct addresses for 
this monitor. The writing of this sort of software is quite 
straightforward and well worthwhile. Another important 
method of checking during program development is to 
display the program one byte at a time as it is written. 



Fig. 3. Scrolling flowchart 
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The axparimantal prototypa VDU board. Naxt month a 
doubla sidad p.c.b. layout will ba publiahad which 
incorporatas all rafinamants including tha modulator 


Two axamplas of tha typo of display attainable 


COMPONENTS . . . 



1 

Resistors 


R1 

8-2Mn 

R2, R3 

560n (2 off) 

R4 

47 kn 

R5,R11 

ikn (2 off) 

R6 

220n 

R7 

3-3kn 

R8 

1-2kn 

R9 

2-7kn 

RIO 

Ikft 

(all iW 5% carbon film) 

Potentiometers 

VR1 

10Okn min vert preset 

VR2 

10On min vert preset 

Capacitors 


C1 

0-22pF Disc ceramic 

C2 

lOOpF Sub min ceramic plate 

C3 

82pF Sub min ceramic plate 

C4 

33pF Sub min ceramic plate 

C5 

47pF Sub min ceramic plate 

C6 

lOnF Disc ceramic 

C7 

33pF 10 volt Tantalum bead 

C8 

220nF 16 volt electrolytic 

C9 

47pFtant bead (10V) 

Semiconductors 

IC1 

SFF96364 plus socket 

IC2-IC9 

2102LF (350nS) (8 off) 

IC10 

2513 (single supply type) plus socket 

IC11 

74174 

IC12 

74165 

IC13-IC16 

81LS97(4off) 

IC17 

74163 

IC18 

74LS132 

IC19 

7402 

TR1 

BC184 

TR2 

2N3663 

XTAL1 

IMHz 

Miscellaneous 

SKI chassis mounted coaxial TV socket plus nuts and 

bolts for fixing 

Two pieces of Veroboard (0-1 in matrix) 

46 X 25mm each 

PP3 battery connector 

0-5 metre of 8-way ribbon cable 

Pins for through-board connection 

Switches: S1 

s.p.d.t. S2 s.p.s.t. 


Constructor's Note 

A complete kit of parts including a drilled plated 

through p.c.b. 

will be obtainable from Technomatic 

(01-204 4333). Details next Month. 

A limited number of assembled and tested boards 

will also be available exclusively from Tachnomatic 

Ltd., 17 Burnley Road, London NW10. 
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Normally this would be done as follows. A byte is loaded 
from the keyboard into some memory location. A jump to a 
display routine is then performed, which puts the address 
just loaded plus its old and new contents onto the screen. 
This is repeated until some control character tells the load 
routine to end. 

The importance of a cursor, plus good screen 
management or formatting in this process cannot be over 
emphasised. Fortunately, the CTRC has a set of quite 
sophisticated cursor control commands, as previously 
mentioned. 

A particularly effective and striking feature of the CRTC is 
its hardware scrolling function. If a Cursor Down (line-feed) 
command is given when the cursor is on the bottom line, the 
entire screen's contents jump up one line with the top line 
jumping to the bottom. This also occurs if Cursor Right 
operation is commanded with the cursor in the last position 
on the screen. 

After such a scrolling function, the lowest address of the 
1 kilobyte RAM Is no longer displayed at the screen's top left. 
Instead, it is at the extreme left of the lowest line. A write 
operation to this address causes a character to appear in a 
position on the screen dependent upon the number of scrolls 
which has been performed. However, the Cursor Home 
operation forces the whole display to "de-scroll" and the 
display reverts to normal, with the cursor at top left. 

The cursor operation required at any time is converted 
into a code of ones and noughts and applied to Co,.C, and Cj 
according to Table 1. 

_Jhe technical specifications of the CRTC demand that the 

ST control line (normally in a high state) should complete a 
low pulse of at least Ips a minimum of 8-3ms after any code 
is applied to Cg, C, and Cj (apart from Cursor Home). This 
informs the CRTC of the presence of a cursor control word. 
The Cursor Home command requires at least 132ms 
between the control word and the ST pulse. This is best 
done in software by the simple loop shown in Fig. 2. 


VDU 



Table 1. Cursor control codes 


OPERATION Cg 

cursor home 0 

cursor home left 0 

line feed 0 

cursor left 1 

cursor up 1 

cursor right 1 




The speed of operation of your MPU decides whether you 
should load A in the above with 00 (hex) initially or some 
higher number which will revert to 00 in fewer loop steps. A 
simple VDU routine is shown in Fig. 3. This routine assumes 
that a character to be displayed is stored in ASCII code in a 
register (called the A register here). The cursor position 
address is also assumed to be stored in a register (called the 
X register). Characters are written to .the bottom of the 
display and a carriage return operation causes the screen to 
scroll upwards. Spaces are then written to the end of the 
current line, and the cursor is moved to the start of the line. 
Information thus enters on the bottom line, following the 
cursor, and then scrolls up the screen. 

This completes the description of the system and in the 
next issue, constructional details and setting up procedures 
will be given. 

The reader is urged to obtain a copy of the data sheet for 
the CRTC and 2513 chips for additional information. 


NEXT MONTH; Assembly 
of p.c.b. and construction of 
high density RAM module. 
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Be the first one down your street to 
land on the moon. Sixty seconds to 
make a gentle landing with only a 
limited amount of fuel. You have a 
readout of height, velocity and fuel 
remaining but if your efforts fail you 
can still push the panic button and 
run on medicinal whisky. 


iconductor technology whi 


A feature on the now somic 
the supremacy of the bipolar 


applicatii 


CAR DEVICES 
8 Page Supplement 


ELECTRONICS 

OUR NOVEMBER ISSUE WILL BE ON SALE FRIDAY, 13 OCTOBER, 1978, PRICE 50p. 













This unit does not show the average m.p.g., but gives an instan¬ 
taneous fuel consumption related factor. You can check your driving 
efficiency. As your foot goes down on the accelerator, down goes the 
m.p.g., and up it comes again when your foot does! 












T his article describes a fuel consumption meter which 
has been operating successfuiiy for many months. The 
attributes of the system are; 

(a) Two digit digital display 

(b) Mainly low-price TTL 

(c) interfaces to the car via a simple connection to the SU 
electric fuel pump, and an easy modification to the 
car's speedometer. 

An SU electric fuel pump may be fitted to any car using a 
mechanical fuel pump, provided that the former can provide 
the fuel at a satisfactory rate. In the author's case, a 1725cc 
Hillman Hunter was fitted with a fuel pump borrowed from 
and aged side-valve Morris Minor. The Hunter never showed 
any signs of fuei starvation despite very hard driving. Fig. 2 
shows a simplified diagram of such a pump. As the pump 
operates, the voltage at point "A" alternates between +12V 
and OV (for —ve earth vehicles). 

The measurement system may conveniently be 
considered as two interconnected sections, as depicted in 
Fig. 1 . Referring to this diagram, the distance monitor counts 
pulses derived from the speedometer, whilst pulses at a 
slower repetition rate derived from the fuel pump cause the 
generation of a series of internal control pulses which halt 
the speedometer counting process, store and display the 
count to date, and reset the counter. This effectively 
generates a measure of distance covered per operation of 
fuel pump, which it may be noted is of the same dimensions 
as miles per gallon, or for that matter, kilometres per litre, 
aithough it is clearly not in these units. Fig. 3(a) shows the 
counter module circuit, which utiiises a total of six TTL chips 
which drive a pair of 3015F seven-segment displays. Its 
function is as foliows: Provided that the reset line is kept 
low, pulses into the gated speedo input, or to be more 
specific, negative going edges, will cause the two tandemed 
7490s to count. Pulses to the strobe cause the 7475s to 
latch their outputs to the count generated at their inputs by 
the 7490s. The 7475s outputs are converted by a pair of 
7447s into seven-segment display code. 


The signals applied to this module, in relation to the signal 
received from the vehicie sensors, relative to time, are in Fig. 
4, which is not necessarily to scale. For each rotation of the 
speedometer cable, one pulse is applied to the gated speedo 
input, until the fuel pump operates, at which point the strobe 
and reset lines are sequentialiy pulsed in order to display the 
count since the last pump operation, and to reinitialise the 
counters. 

Fig. 3(b) shows the second module; this circuit matches 
and converts the signals obtained from the speedometer and 
the fuei pump sensors into those suitable for TTL logic. 

SPEEDOMETER SENSOR 

At this point, it is necessary to describe the method of 
application to the speedometer of a sensor. The method 
used by the author, which should be applicable to the 
majority of cars, was to mount a photo-sensitive device in 
the rear of the speedo in such a way that light is reflected 
from the speedometer illuminating bulb via a part of the 
rotating mechanism, onto the photo-device. The point at 

Fig. 1. Simplified block diagram of Fuel Consumption 
Meter 


















which this is mounted has to be carefully selected, and it 
may be necessary to paint parts of the internal workings of 
the speedometer with matt-black paint. It is also necessary 
to make a minor change to the speedometer illumination 
system, entailing severing the wire connecting the 
speedometer bulb to the sidelight system, and connecting it 
instead to the ignition switch, such that it is on, whenever 
the ignition is on. The photo-device is then connected to the 
module of Fig. 3(b) via screened cable. This precaution has 
been found to be essential in view of the high impedance 
nature of the phototransistor, when no light is falling on it. 

The current changes caused within the phototransistor 
due to changes in the incident light are then used to drive a 
p.n.p. Darlington pair, the output from which is taken to a 
variable Schmitt trigger comprising a 741 with adjustable 
positive feedback, a level-shifting n.p.n. transistor, and finally 
a 7413 to generate suitable TTL levels. The setting of the 
three variable resistors will be described later. The signals 
from this section of the unit are then sent to the counter 
module for processing. 

FUEL PUMP 

The pulses from the fuel pump which have additional 
unwanted spikes in both the positive and negative sense, are 
first clamped to TTL levels by a pair of diodes, one of which 
prevents negative puises from entering the remainder of the 
circuitry, the other of which clamps the input level to less 
than 5V. The pulses then go to a pair of retriggerable 
monostables, held in one package, the 74123. The two 
monostable multivibrators have periods of T1 and T2 where 
T1 is very much greater than T2. The output of the 
monostable of period T2 is used to drive the subsequent 
circuitry, while the output of the other monostable is used to 
inhibit false triggering caused by contact bounce, ringing and 
so on. 

The subsequent circuitry comprises a pulse sequence 
generator to generate the reset and latch strobe pulses, and 
to inhibit the input of speedometer derived pulses. The heart 
of this system comprises a divide-by-eight counter, part of a 
7490 (ICS) and a clock oscillator, part of 7413 (IC9). A pulse 
from the monostable driver will force the counter to reset, 
which allows the oscillator to function. This causes the 
counter to count from zero to four, in so doing, generating 
the required control pulses. When the counter achieves a 
count of four, the rising of ICS pin 9 output inhibits the 
function of the clock oscillator. 


COMPONENTS . . . 




RMiistors 


R1,R3 

270n (2 off) 

R2 

2-280 

R4 

270kn 

R5, R6 

240kn 2% (2 off) 

R7 

6 2kn2% 

R8 

27kn 

All resistors 5% unless otherwise stated. 

Potcntloniatsrs 


VR1,VR3 

lOOkn vertical preset (2 off) 

VR2 

1MQ vertical preset 



Cl, C2, C8, C9, CIO InF (5 off) 

C3 

OOlfiF 

C4 

100pF/20V electrolytic 

C6 

lOnF 

C6 

lOnF 

C7 

22>iF 

Traiwtetors and Oiodas 

TR1,TR2 

OC200 (2 off) 

TR3 

2N3705 

TR4 

BP101, TDB7805T or equivalent 

D1,D2,D3 

OA202 (3 off) 

Diaidaya 


XI,X2 

3015F (2 off) 

Intagratad Circuits 

IC1,IC2,IC8 

7490 (3 off) 

IC3, IC4 

7475 (2 off) 

ICS, IC6 

7447 (2 off)» 

tC7 

7413 

ICS 

7400 

IC10 

7404 

IC11 

74123 

IC12 

741 

tC13 

7805 regulator 

Miscaiianaous 


Three way plug and socket for sensor inputs. Metal case 

(prototype housed ir 

1 box 162 X 70 X 50mm). Plug and 

socket for 12V input. Veroboard. On/off switch. Inte¬ 

grated circuit holders if desired. Polarised display filter 

(for digital version). 


• Not needed for meter display 

Constructor's Note 

The BP101 is available from Eiactrovalua. OC200 

transistors are available from Watford Electronics, 

and Samiconduettors Supplies, Orchard Works, 

Church Lane, Wallington, Surrey, SMS 7NF. 

V- 

_^ 
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Fig. 4. Sensor and control signals relative to time. These are 
not to scale 


ANALOGUE DISPLAY 

The author's unit employs a pair of seven-segment 
displays, but it might be felt preferable by some constructors 
to use an anologue meter display. These may easily be done 
by replacing the displays and their associated 7447s with 
the circuit of Fig. 5. In this circuit, the inverted outputs of the 
two 7475s are used to drive a 6-bit resistive digital to 
analogue converter, the resulting current from which is 
amplified by TR4, and used to drive a 1 mA meter 
movement. The emitter of TR4 is set to around 2-2V below 
Vcc by the effect of the three diodes D3, D4 and D5 and 



Fig. 5. Circuit diagram of mater display circuit. Devices 
marked with an asterisk in the main components list will not 
be necessary if this readout system is used 


R15. This ensures minimum current flow when the outputs 
of the 7475s are high, thereby obviating the necessity of a 
set zero adjustment. VR4 is used to set the full-scale 
deflection value. This should be initially set to its maximum 
value, and when adjustment of the rest of the equipment has 
been made as next described, set to give the desired full- 
scale reading in use. 



The use of a metal case is advisable for effective screening; 
the 5V regulator can then be mounted on the rear of the unit 
for excellent cooling. The driver will probably be most 
curious about the fuel consumption reading when 
accelerating hard; a time whan increased concentration on 
the road is required, and so care should be taken in the use 
on this instrument. 


COMPONENTS . . . 


FOR METER DISPLAY 
Resistors 


R8 

R9 

RIO 

R11 

R12 

R13 

R14 

R15 

Potentiometers 

VR4 

03, 04, 05 
Meter 


390kn+ lOkn 
47kn + 27kn 
180kn+ 18kn 
lookn 

470kn + 27kn 
1 Mn (2 off) 
270n 
2-7kn 


5k0 preset 
1N4148(3off) 
or2VZZener(1 off) 

1 mA f.s.d. 


CONSTRUCTION 

The circuit layout is in no way critical, and in the author's 
case, the equipment was built on two small sheets of 
Veroboard, with each board corresponding to one of the 
modules described previously. The above having been said, 
it is important to observe two important rules: The 
decoupling capacitors on the 7490s on the counter module 
board are essential to the counter chips' correct operation. 
They should be connected as closely as possible to the chip 
supply pins. In view of the electrically noisy environment 
within a car, due to ignition, and other radiation, the 
equipment should be constructed within an earthed metal 
box; failure to do so may result in spprious operation. 
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The author’s Fuel Consump¬ 
tion Meter circuit was laid out 
on two pieces of Veroboard 
mounted one behind the 
other. Component iayout is 
non-critical, and this 
photograph shows the basic 
arrangement of the counter 
section of the prototype unit. 



Interfacing section circuit 
board. Use Fig. 3 for interwir¬ 
ing. This board should be 
mounted so that the displays 
show through the front panel 
directly 


SETTING UP 

The only specific adjustment required in the system is that 
relating to the circuitry interfacing the speedometer to the 
TTL, and three preset adjustments have been found 
necessary. 

Adjustment may most easily be done with the equipment 
in the car, and both driving wheels securely jacked-up clear 
of the road. With the engine started and idling slightly faster 
than normal, gently engage first gear. The three preset 
potentiometers should be initially set as follows: 

VRI mid-position. 

VR2 maximum resistance. 

VRS maximum resistance. 

A test meter should be set to around the 5V d.c. range, 
and connected to the output of the 741. 

VRI should be adjusted in either direction as necessary 
until the meter reading pulsates at a speed proportional to 
the speedometer reading. VR2 should then be adjusted until 
the pulsations just stop, and then increased by about 10 per 
cent. VRI should be adjusted to the middle position of the 
range in which speedometer pulses are detected. So far, a 
centre point for the input pulses has now been determined, 
and by setting the positive feedback to the maximum 
acceptable, any rough tops to the waveform will be "ironed 
out". The number held by IC10 should now be checked: this 
should be the value 4. If this is not the case, momentarily 
trigger the 74123 by connecting the pump sense wire to 
earth for a brief period. If after a very short period of time. 


the 7493 does not halt in the mentioned rest state, 
something in this area is not in order and the circuitry should 
be checked. If all is well, transfer the test meter probe to the 
input of the 7413, and reduce the value of VR3 until the 
pulsations appear from the output of the 741, and then at 
the output of the 7413. The equipment is now ready for use. 

INTERPRETING THE RESULTS 

During normal driving, the readings presented by the 
equipment will fluctuate with changes in fuel consumption. 
It should be noted that two sources of inaccuracy can occur. 

The first of these occurs because the float-chamber 
systems of most carburettors are gravity operated, and any 
violent disturbance in the car's motion, such as violent 
braking or cornering will affect the amount of petrol allowed 
into the float-chamber by the needle-valve, causing a 
momentary upset in the readings obtained. 

Secondly, as is well known by Morris Minor, and 
doubtless other drivers, a marked lowering of the level of 
fuel in the petrol tank causes the pump to operate very 
rapidly as air, rather than petrol is ingested. The settings of 
the timing components on the 74123 is such that a cycle 
during which air is ingested occurs before the 74123 pulse 
of time T1 has finished, thus ensuring that the pulses from 
the pump are ignored when air is being drawn in. Accuracy is 
still effected by this phenomenon however, and the fuel level 
should not be allowed to fall this low in normal running if 
accurate results are required from the equipment. 
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impedance ^ 

BY TOBY BAILEY & BOB WHITAKER 


WyHEN learning about electronics, 
one of the earliest things that we 
find is that for a resistor the voltage 
across it and the current driven through 
it are related by Ohm’s Law 
E= IR 

where E is the voltage across a resistor 
with resistance R and I is the current. 
These three quantities are generally 
measured in volts, ohms and amps 
respectively. We then discover that 
capacitors and inductors produce a 
similar relationship, which is written 
as E = IZ where Z is the impedance of 
the component and E and I are as¬ 
sumed to be sinusoidally varying a.c. 
voltage and current respectively. 

The reason for this assumption is 
that non-sinusoidal waveforms are 
effectively a mixture of more than one 
frequency. Since the impedance of 
many components varies with fre¬ 
quency, the current flowing will not 
then be directly (iroportional to the 
driving voltage. It Is worthwhile noting, 
as an aside, that the way that non- 
sinusoidal waveforms are dealt with 
is to break them up into the sum of 
sinusoidal parts, each of a different 
frequency. Each of these parts can 
then be dealt with using E = IZ, the 
current flowing can then be recon¬ 
structed by summing the currents of 
the individual parts. 

In order to use the above formula we 
need to know the value of the imped¬ 
ance Z for the circuit. For a capacitor 
the impedance (often called the 
reactance) is given by 1/27rfC, where 
f is the frequency of the signal in 
hertz, C is the capacitance of the 
capacitor in farads (a unit which we 
soon find out is about a million times 
larger than is useful), rr is 3'1416. 
Similarly the impedance of an inductor 
is 2/rfL where L is the inductance of 
the inductor in henrys. 

Given this starting point it soon 
becomes apparent that there is much 
more to the impedance of capacitors 
and inductors than their simple 
numerical value. Consider, for ex¬ 
ample, the case when we have a 


capacitor and an inductor which both 
have an impedance of, say, 10n at a 
particular frequency that we shall 
apply. If we connect these compo¬ 
nents in series and apply an a.c. 
voltage we might expect that the 
impedance of the combination would 
be 20n, but this is not the case. 
The total impedance is in fact zero I 
Furthermore if we connect the com¬ 
ponents in parallel the impedance is 
not 5fi, it is infinitely large. 

The above example demonstrates 
that we require rather more information 
if we want to calculate the impedance 
of a combination of elements. 

COMPLEX NUMBERS 

We now introduce the concept of a 
complex number which consists of 
two parts: called the real part and the 
imaginary part. A complex number is 
written like this 

X + yi 

Here x is the real part and consists of 
a real number, whilst y is the imaginary 
part, i is the important symbol (j is 
often used instead) which represents 
a number which when squared gives 
minus one 


If that is a little difficult to conceive of 
it doesn’t matter—just think of it as a 
symbol which labels the imaginary 
part of the complex number. Examples 
of complex numbers are: 3 -i- 4i, 
10 -31, -3-6 X 10‘ + 6-7i. Real num¬ 
bers such as —7 and 43-6 may also be 
thought of as complex numbers 
whose Imaginary part is zero. Similarly 
there are numbers such as 6i, —0-2i 
or even I (which is the same as 1i) in 
which the real part is zero. 

ARITHMETIC 

Fig. 1 demonstrates a way in which 
complex numbers can be shown on a 
diagram. In the figure the complex 
number is 3 -I- 4i. It is represented by 
a line which goes from the origin of 
co-ordinates (marked 0) to the point 
which lies on the lines; real part= 3 


and imaginary part= 4. This line has 
a certain length "r", and makes a 
certain angle to the real axis "0". 
Note that the complex number can be 
specified in terms of r and 6, and these 
two numbers completely specify a 
particular complex number, just as x 
and y do. 

Given the representation of a 
complex number as x -i- yi or as an r 
and a 0, it is always possible to convert 
from one representation to the other. 



Applying Pythagoras’ Theorem to 
Fig. 1 

r = a/x’ + y^ 

This is by far the most often needed 
conversion. For the more mathe¬ 
matically minded we will give the other 
formulae 

r cos(9 = X 
r sintf = y 
tan^ = y/x 

Of these the last is the most important. 

Addition of two complex numbers 
simply involves adding the real and 
the imaginary parts separately as 
shown below 

(x -h yi) + (a -F bi) = (X -t- a) -F (y -F b)i 
For subtraction you just subtract 
real and imaginary parts separately— 
be careful to get the signs right! 

(x -F yi) — (a + bi) = (x — a) + (y — b)i 
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Multiplication is a little more 
complicated 

(x + yi). (a + bi) = 

(xa — yb) + (xb + ay)i 
Unfortunately dividing complex 
numbers is more difficult than the 
preceding cases—hopefully the follow¬ 
ing steps should make the process 
clear. Assume we want to evaulate 

x+ yi 
a -t- bi 

First we multiply both the top and the 
bottom of this expression by a — bi. 
Since this is the same as multiplying 
the original expression by one, our 
division can now be written as 
(x -F yi). (a - bi) 

(a -f- bi). (a — bi) 

If we now multiply out (a -i- bi). 
(a — bi) we get a** + b’' which has no 
imaginary part at all, so our expres¬ 
sion is the same as: 

(x -I- yi). (a — bi) 
a^ + b^ 

and we know how to multiply the top 
to get 

(xa + yb) + (ya — xb)i 
a^ + b^ 

and this is the same as 

(xa -t- yb) (ya — bx) i 

a* -F b“ a** -t- b*' 

There is just one more thing before 
we finish our maths lesson and that 
is how to multiply and divide complex 
numbers when they are in r and d 
form. This is simpler than for numbers 
in X -t- yi form: to multiply you multiply 
the ‘'r”s and add the “d"s\ to divide 
you divide the “r"s and subtract the 
"d"s. 

In these examples the complex 
numbers are written as (r,0); thus 
(2,36°) stands for the complex number 
with r = 2 and d — 36°. 

(i) (3,15°) . (4, - 12°) = (3 . 4,15° 
-12°) = (12,3°) 

(ii) (16,186°) . (i, -26°) = (16.i, 
186° -26°) = (8,160°) 

(iii) 2jir _ 2 _ 

5,27° 5’ 

But remember that 360° is a full 
circle, so that —10° is the same as 
2 2 

+ 350° so g, —10° = 350° 

It is now time to use these numbers. 

COMPLEX IMPEDANCES 

Any impedance which is a combina¬ 
tion of resistances, capacitances and 
inductances can be represented as 
one complex number. Sinusoidally 


oscillating voltages and currents are 
also represented by complex numbers. 
Using the arithmetic of complex 
numbers that we have described, it is 
now possible to use Ohm’s law to 
give the correct answer and we can 
combine impedances in the same way 
as we used to combine resistances. 
Let's see how this works. 

Resistors have no imaginary part 
to their impedance, it is just their 
resistance R. 

Capacitors have no real part to their 
impedance, it is given by —i/27rfC. 
The symbols all have the same 
meanings as before. 

Inductors too have no real part to 
their impedance, it is given by 27rfLi. 

It is easiest to represent voltages 
and currents in r and 0 notation. 
First it is essential that you know 
about the phase difference between 
two sinusoidal waveforms of the same 
frequency. 

The phase difference is given by 
the distance between the peaks of the 
two waveforms and is specified by an 
angle which is worked out by defining 
the angle between two successive 
peaks of the same wave to be 360°. 
Reference to Fig. 2 should make this 
clearer. 



To describe a voltage or current in 
terms of a complex number it is 
necessary to take one waveform in the 
circuit as a reference to which all the 
others will be referred. This reference 
value has no imaginary part, and its 
real part is just its peak value. All other 
voltages or currents are represented 
in r and d notation by a complex 
number with r equal to the peak value 
and 0 equal to the angle by which the 
waveform “leads" the reference wave¬ 
form. By leads we mean that the 
angle is measured from a peak of 
the wave to the next peak in time of 
the reference wave. See Fig. 3 for an 
example of this. 

With the set up we have just des¬ 
cribed, almost anything that you 
could have done with resistances and 
d.c. voltages can now be done for 
impedances and sinusoidal (i.e. one 
frequency) a.c. voltages. 



TUNED CIRCUIT 

The complex impedance of the 
series tuned circuit in Fig. 4 (a) is 
found simply by adding together the 
complex impedances of the capacitor 
and the inductor to get 

(“'■-iSc)' 


Fig. 4 (a) 


Note that the impedance still has no 
real part. Hence in r and 0 form it has 

'-(“'--dfc)’"'*''"”"- 

You may notice that r might be 
negative in the above formula, in which 
case 0 would be 270°—but negative r 
in the direction of 90° is the same as 
positive r in the direction of 270°. 
It isn't usually worth bothering about 
these things, they almost always work 
out alright in the end! 

Now suppose that we want to know 
what current flows in the circuit. We 
know that E = IZ, so I = E/Z. Choose 
the input voltage to be the reference 
quantity for the circuit—it will then 
have r = V (the peak value) and 
0=0°. To work out the current 
flowing we divide E by Z, remembering 
to divide the '‘r'’s and subtract the 
"0’'s. So 1 has 

r - ^ and 0 = 0-90°= -90°. 
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So the current is 90° out of phase with 
the voltage, remembering that leading 
by —90° is the same as lagging by 
90°. We have a rather peculiar expres¬ 
sion for the peak value of the current 
(r). Notice how this expression is 
positive for high frequencies but 
negative for low ones. Thus the 
arrangement of the waveforms in 



Fig. 4 (b) 

Fig. 4 (b) is only valid for high frequen¬ 
cies. As f decreases, I suddenly be¬ 
comes very large (when the bottom of 
the expression, for r becomes zero) 
and then smaller again. However r is 
now negative so the phase changes 
by 180°—this is the same as saying 
that the waveform of the current be¬ 
comes inverted. 

In practical circuits of this nature 
there is always some resistance 
present so the change occurs gradu¬ 
ally. Note that the impedance of this 
circuit goes to zero when 


27rfL = 


27rfC 


^ 2n^LC 

which is the well known resonant 
frequency. 


SIMPLE R.C. CIRCUIT 

The circuit shown in Fig. 5 is a 
very basic high pass filter. To find the 
current which flows we need to know 
the impedance of the combination, 
which is given by 



Choosing Vij, to be the reference 
quantity (which, you should remember 
means that r = Vm and & = 0°) we 
can then say that the current flowing 


is given by ,sv 



Now the output voltage is produced 
by the current I flowing through the 
resistor R so, using Ohm's Law, we 
obtain 



To evaluate this we had better put it 
into r and 0 form. Vi„R is simple— 
since it is just an ordinary number 
with no imaginary part it has r = VmR 
and 0fp O°. To convert the bottom 
half of the expression we need to use 
the formulae for r and 0 in terms of 
X and y that we me ntioned earlier: 
namely r = ,yx>-|-y2 and tan(?=y/x 
(this last part can be done by scale 
diagram). Putting the x and y values of 

2^ ' 


into these formulae gives the value of 
r to be 


r= R“ + 


1 

4rr*f’‘C=' 


and 6 is going to be the angle for which 

y _ - 1 

X 27rfRC ■ 


Using the rule for division in r and 0 
form we can now calculate the value of 


— the r part is 

R 

/r.+ _1_ 

V ^ 4;r>f>c» 

and the d part is minus the angle for 
which 

y _ - 1 

X 2rrfRC 

—if you draw a diagram you can see 
that this is the same as the angle for 
which 

y _ 1 

X 27rfRC 


The r value gives us the amount by 
which the amplitude of the voltage is 
decreased. When 

R»= ^ 

47r*f*C» 

this attenuation factor is about -707 (or, 
using the decibel scale, about —3dB). 
Rearranging this formula and getting 
rid of all the squares gives 

^ "" 2rrRC 

This is often called the break point for 
the filter. 


What do all these complicated- 
looking formulae mean as regards the 
performance? Well, when the fre¬ 
quency is very high the 
1 

. 4?r»f>C* 


term is very small and so becomes 


very close to one. This indicates that 
high frequencies pass through the 
filter almost unobstructed. In contrast, 
when f is very small the 


4?r«f«C* 


term is going to be far larger than the 
R* term so we can ignore the R* term 
without too much loss of accuracy. 
We then have 


Vout R n^a/^ 

V 4w«f>c» 

Notice that the figure halves every 

time the frequency halves. This sort 
of relationship is best shown on a 
decibels versus logarithmic frequency 
plot as shown in Fig. 6 (a). 



Fig. 6 (a) 

Taking OdB at the input level, the 
output level of the filter is fairly con¬ 
stant down to just above the break 
point: the output then curves down, 
finally falling off at about 6dB per 
octave (halving of frequency) which is 
20dB per decade. 

We have not yet used the informa¬ 
tion we have calculated about d. For 
actual values of R,C and f, 6 can be 
evaluated either by drawing a diagram 
or by working out 


on a scientific calculator. We can see 
roughly what is going to happen: at 
very high frequencies when the filter 
lb passing almost all of the input 
voltage, y/x is very small which means 
that the output voltage has almost the 
same phase as the input voltage. As 
the frequency decreases it will reach 
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the break point where :s oo ' 

: -,r ibi . 

■®'’ 2rrfRC;'^ . 'e-.'iohat, 

—this means that the output will lead 
the input by 45°. As the frequency 
keeps on decreasing the phase lead 
will continue increasing, getting ever 
nearer to 90° but never quite getting 
there as shown in Fig. 6 (b). 
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FREQUENCY 


Fig.6(b) 

When working with filters such as 
this one, it is generally true that the 
attenuation versus frequency graphs 
(on logarithmic scales) can be simpli¬ 
fied considerably. To do this you just 
assume that the response is flat 
down to the break point, whereupon 
it falls off immediately at a rate of 
6dB per octave — 20 dB per decade. 
This approximation is shown dotted 
in Fig. 6 (a)—the approximation is very 
accurate except for a decade or so 
around the break point when it can be 
up to 30 per cent out. 

MORE COMPLICATED 
FILTERS 

As a slightly more complicated 
example let us try to design a filter 
which passes high frequencies un¬ 
attenuated and attenuates low fre¬ 
quencies by 10. We want the middle 
point to be at 1kHz (the full attenuation 
is 20dB so call the mid point the lOdB 
attenuation point). We would also 
like some idea of the phase perform¬ 
ance. 



The obvious way to do this is shown 
in Fig. 7. At very low frequencies the 
effect of the capacitor, is insign|fi,cant 
so 

Vout ^ Re 
Vto Ri + Re ’ 


which we want to equal 
10' 

Choose as fairly sensible values Ri = 
9kn, R*=1kQ. Whether these are 
sensible will, of course, depend on 
the impedance of the source we are 
using to drive the filter and the imped¬ 
ance that is being driven by the filter. 
Say for the sake of simplicity that the 
driving impedance is a few ohms and 
that the driven impedance is at least 
several tens of kilohms. Now down 
to work: 


Using the symbol RillC to mean the 
impedance of the parallel combination 
of Ri and C we have 

Vout _ Re 

Vin ^ Re+ RillC 
But R, = Ika and Ri - 9ka so 



Vout 

Vin ' 


The “r part" of this expression can be 
found by dividing the r part of the top 
by the r part of the bottom 




since we require this to be equivalent 
to an attenuation of lOdB when 
f = 1kHz and lOdB is a voltage ratio 


of^lOil. 

Square both sides and multiply out 
which gives 


9 X 81 X 10* = 


2500 - 250 
7r>f*C* 


this is for f = 1kHz so 
2250 


9 X 81 X 10* X 7r» X 10‘ 
= 3-127 X 10-“ 


and finally we get to the value of the 
capacitance C = 5-6 x 10“* farads = 
0-056/tF. If we substitute this value 
into the original formula for the r part 
we get 

Jimxi)- + 



A graph of this is the attenuation of 
the filter, as shown in Fig. 8 (a). 



A 

















Fig. 8 (a) 


PHASE PERFORMANCE 

To get some idea of how the phase 
difference between the input and the 
output varies with frequency we see 
that at high frequencies the capacitor 
is going to have far more effect than 
Ri and so the phase shift will go to 
zero, just as it did for the simple high- 
pass filter. Also at very low frequencies 
the effect of the capacitor will be 
negligible and the phase shift will go 
to zero again. What happens in be¬ 
tween? If we substitute the value for 
the capacitance into 


Vout 

Vin 


we end up with 



From this we can work out the phase 
shift for any frequency: for example 
at 1 kHz we have 

Voit 1 - 0-316 i 
Vin 1 - 3-16 i 

Now 0 for 1 — 0-316i is about — 17i° 
and 0 for 1 — 3-16i is about — 72i°, 
so 0 for 

= 1 -17i° - (-72i°) = 55° 



Fig. 8 (b) 


In fact this is the maximum phase 
shift for any frequency. A graph of 
phase shift versus frequency is also 
shown on Fig. 8 (b). 
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High Perfarmapiice 


UNIT 


R. 


I ms article describes a high performance power supply 

I with voltage control down to zero (yes, zero, not two and 
a half volts or five and a quarter or, as in the case of many 
supplies, whatever the Zener voltage used in the system 
happens to be) and current limit from a few milliamps to 
several amps. 

This ability to have current limit down to such low values 
allows one to, for example, work with low power circuitry 
knowing that even if something drastic happens nothing will 
be destroyed. One can even use this facility for measuring 
the values of larger electrolytic capacitors! 

N 

SPECIFICATION . . . 

• Voltage Control 0~30V 

• Current Control 2mA-2A 

• Output Resistance Less than O OOm 

• Ripple and Noise Less than ImV 

• Line Regulation Less than 0 001% 

• L.a.d. indicator current limit mode 

• Sharp voltage/current mode transition 

• Instant switch off 

V _ 

CIRCUIT ACTION 

The reference voltage is generated in the circuitry around 
IC1 (see Fig. 1). D5 is a 5-6V Zener diode run at its zero 
temperature coefficient current. Values of most Zener series 
(BZY88 in particular) exhibit positive temperature coefficient 
below 5-6V and varying degrees of negative t.c. above this 
value. 

R5 and R6 set the output of the reference generator at 
twice the Zener voltage and in addition a low output 
impedance feed to the rest of the p.s.u. is guaranteed by the 
high degree of feedback employed. 

The circuit operates as follows; the output of the op amp 
IC1 increases until D8 conducts, whereupon the circuit 
stabilises with the Zener voltage appearing across R5. 
Negligible current flows into the non-inverting input of IC1 
and therefore all the current in R5 flows into R6 yielding 
twice the Zener voltage at the output of IC1. 

AMPLIFIER 

Unlike most power supplies, instead of providing voltage 
control by means of varying the feedback factor in a control 
system, this design uses what is in effect a "uni-phase 
power amplifier" arrangement. 

The reference section provides 2 x 5-6= 11 ■2V, and we 
require 30V out, hence the gain of the amplifier is 30/11 -2. 



Lawrence 


The resistors R11 and R12 determine the gain, and this is 
given by: 


Av= 


R11 +R12 
R11 


which can be re-written in terms of V,^, (11 -ZV), and the out¬ 
put voltage (30V) as the ratio of the two resistors: 


R11 

R12 


V,„ 

Vou,-V,., 


= 0-59 


PREFERRED VALUES 

Two preferred values which give this ratio whilst at the 
same time approximately maintaining an equivalent 
impedance looking back from either the inverting or non¬ 
inverting inputs of the op amp (this keeps temperature drift 
effects in the input bias currents common-mode and 
therefore self-cancelling) are 33kn and 56kn. 


ADVANTAGES 

One of the advantages of using a "power amplifier"-type 
system in the voltage section is that the control of output 
voltage down to zero can be achieved easily. Other designs 
allow this to be performed but solutions sometimes can 
appear somewhat contrived. With the amplifier system zero 
input means zero output. 

For perfectionists a preset has been provided vvhich 
allows one to trim out any remaining millivolts which can be 
caused by offset in the 741 or possibly the voltage control 
potentiometer not yielding exactly zero output voltage when 
turned fully anti-clockwise. 


CURRENT LIMIT SYSTEM 

The current limit system sets the maximum output current 
available from the p.s.u. and also provides an indication that 
the unit has shifted from constant voltage mode to constant 
current mode. 

Current limit comes into operation when the voltage 
across a sensing resistor (R7) reaches a predetermined 
value. This value is set by VR3 and is derived from the 
reference voltage line from IC1. 

OPERATION 

All the current that flows from the output terminals must 
also flow through R7. If we now consider the circuitry 
around IC3: the inverting input is biased at OV via R21, 
whilst the non-inverting input can be adjusted to any voltage 
between 0 and 2V. Say it is set at IV and the output voltage 
at several volts. If the load is increased the voltage output 
will be held at a constant value by the voltage amplifier sec¬ 
tion and the presence of R7 will have a negligible effect due 


1070 


Practical Electronics October 1978 










to its low value and because it is situated outside the feed¬ 
back loop of the voltage control circuitry. 

It is interesting to note that if the load is constant (a 
resistor for example) and the voltage output is constant, then 
the current through R7 is constant and substantially 
independent of any ripple in the incoming supply. 

If the load is now increased to cause the voltage across 
R7 to reach IV, IC3 comes into action. 

COUPLING 

The output of IC3 is coupled to the non-inverting input of 
IC2 (essentially the input to the voltage amplifier arrange¬ 
ment) with a diode. Thus the current control can "cut in" and 
override the voltage control, but at all other times is totally 
disconnected from it. Hence, when in our example the 
voltage across the sensing resistor reaches the predeter¬ 
mined IV, IC3 adjusts the input to IC2 in such a fashion as 
to maintain this voltage across the resistor and thereby form 
a second dominant control system—except this time con¬ 
trolling output current and not voltage. 

C8 provides compensation in this loop to maintain 
stability. 


INSTANT "SHUT-DOWN " 

In order to prevent any spurious effects that may occur as 
the negative rail voltage decays away when power is 
removed from the unit, transistor TR1 removes drive to the 
output«tage as soon as the rail collapses. 

Under normal operation TR1 is held off by R14, but when 
the negative rail fades TR1 comes on and holds the output of 
IC2 low. This does no damage to the i.c. as the 741 has 
comprehensive internal output current limit circuitry built 
into it which limits its output current to a safe 15-20mA. 

The fact that the output from the p.s.u. disappears 
virtually instantaneously can be an asset when doing test or 
experimental work. It allows one to kill the supply and 
perform circuit modifications without having to wait first for 
the power supply's internal capacitor to slowly discharge. 

CONSTRUCTION 

Construction should commence with the etching of the 
p.c.b. and then assembling components onto this as shown 
in Figs. 2 and 3. As this layout has been proven, it is wise to 
stick to it as much as possible to ensure stability. The 
remaining peripheral components should then be connected. 



SUPPLY CURRENT 

There is a small amount of current which flows through 
R7 which does not go to the load. This constitutes the 
negative supply current to IC1 and the Zener current. This is 
the reason for R17. It allows voltage appearing across R7 
due to this current, and also any due to remanent resistance 
in VR3 (when fully anti-clockwise) to be offset. Normally it 
should lie in the range 0-1000 (typically about 330). 

NEGATIVE RAIL GENERATOR 

The circuitry around C2 and C3 forms the negative rail 
generator. This is required to enable IC2 to control the 
output voltage down to zero. Similarly since IC3 has to 
control the input of IC2 down to zero, it too requires a 
negative supply. IC1 is operating under fixed conditions, 
however, and therefore can be run between the positive 
unregulated input and earth. 

The negative generator is simply a pump system with 
simple stabilisation on its output (R3 and D7). 


TESTING 

When building p.s.u.s, power amps. etc. initial switch-on 
can be a little nerve racking, as small mistakes can easiiy 
result in drastic burn-ups. Ideally a Variac should be used 
here, as then the input current to the system can be watched 
whilst the input voltage is slowly increased. If it is seen that 
the current has risen beyond a reasonable value then the 
circuit can be checked and the replacement of burnt, charred 
components is happily avoided. 

However, in the absence of a Variac a low value resistor 
(20-50fl) of a Watt or so rating can be used in series with 
the secondary of T1, together with a multimeter set to 1A 
a.c. 

When power is applied the meter should just give an 
initial kick and then settle down to a low value (10-30mA). 
A fault condition exists if the resistor overheats and/or the 
current is substantially higher than the above readings. 

Assuming the first switch on has been successfully 
accomplished and the unit is drawing the correct current. 
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short out the series resistor and make sure the current is still 
around 30mA. 

Now check that the output of IC1 is between 11V and 
12V with respect to the negative output terminal. Check that 
pin 3 of IC2 varies in voltage with the position of VR1, and 
that when VR1 is fully anticlockwise there is in fact zero 
volts at this point. 

Next check that the negative supply pins of IC2 and IC3 
are at between —5V and —6V with respect to the negative 
output. After this check the output of the supply can be 
varied from zero to 30V. With VR1 fully anit-clockwise 
adjust VR2 to trim out any remaining millivolts. 


CURRENT LIMIT 

Once the voltage system is known to be satisfactory the 
current limit system can be checked. Diode 09 connects the 
output of IC3 to the non-inverting input of IC2 and it is 
worth noting that if IC3 output is staying low for some 
reason this will override VR2. If it is suspected that there is a 
fault in the current limit system, D3 can be removed and the 
two systems isolated. It should of course be replaced before 
the current limit system is examined. 

To check the current limit system, first make sure that pin 
3 of IC3 varies from OV to about 2V when VR3 is adjusted. 
Turn VR3 to a minimum. If D12 lights it means R17 is too 
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low. Ensure first though that it is not a fault condition. 

Now turn VR1 to give zero output voltage (check this with 
a multimeter). Set the multimeter to about 100mA d.c. and 
slowly turn up the output voltage with VR1. If all is well, 
D12 should light and the current should limit at a low value 
(2-5mA). If this does not happen check D9 and IC3 and 
associated circuitry, with the usual attention being payed to 
such things as dry joints and solder splashes. 

When this stage has been reached a value can be given to 
R17 if D12 still comes on at VR3 minimum setting. As men¬ 
tioned above it should allow current control down to 3-5mA. 

METERING 

A meter is a very useful feature to have on a power sup¬ 
ply. It is possible to do without one by having calibrated 
voltage and current controls but this does restrict the unit 
somewhat. 

A -circuit which allows switchable current/voltage 
monitoring is given in Fig. 4. Current is measured by 
monitoring the voltage across R7. This means the unit s very 
low output impedance is preserved. 



I, and Ry are determined by the meter sensitivity and 
refistance. If the meter sensitivity is ImA for f.s.d. and it has 
a ^sistance of R„n, then R, will be obtained from: 

f R,= | y X 1000-R„jn 

S|pilarly R, is obtained from; 

R =|ix iooo-R„jn 

If two meters are available, of course, both voltage and 
current can be monitored simultaneously and SI can be 
done away with. 

HEATSINKING 

Any linear power supply with a reasonable output should 
be equipped with generous heatsinks, and this is no excep¬ 
tion. The worst-case condition for these "linear" type sup¬ 
plies is when they are supplying a high current at a low 
voltage. The dissipation in the series pass transistor can 
reach as high as BOW in this case and to keep the junction 
temperature of the series transistor down to a safe value a 
heatsink of around one degree C per Watt or better should 
be used. 

The constructor’s discretion Can be resorted to here; if it is 
apparent that the unit is severely overheating and the tran¬ 
sistor TR3 far too hot to touch (don't get misled however, 
they can take junction temperatures in excess of 150 
degrees C) then greater heatsinking should be employed. ★ 




COMPONENTS . . . 

Resistors 

R1 2-2kniW 
R2 lOOn 
R3 220n 
R4 4-7kn 
R5 lOkn 
R6 lOkfi 
R7 0-3n2W 
R8 27kn 
R9 2-2kn 
RIO 330kn 
R11 33kn 
R12 56kn 
R13 lOkn 
R14 1-5kn 

R15 IkO 
R16 Ikn 

R17 0-1 OOn (330 typ. see text) 

R18 56kO 
R19 2-2kO 

R20 lOkO 
R21 lOkO 
R22 4-7kn 

All carbon except where otherwise stated 


Potentiometers 

VR1 3 good quality 10kO log. 

VR2 lOOkO miniature carbon preset 


Capacitors 

Cl 4,700pF 40V elect. 

C2 lOOpF 40V elect. 

C3 lOOpF 40V elect. 

C4 lOOnF polyester 
C5 220nF 63V plastic or ceramic 
C6 47pF plastic or ceramic 
C7 4-7pF 35V tantalum (or elect.) 
C8 330pF plastic or ceramic 


Semiconductors 

IC1-3 741 (any manufacturer as long as good quality, 

esp. for IC2) 

TR1 BC182L 
TR2 2N3053 
TR3 2N3055 
TR4 BC157 

D1-4 Any 3A 50V bridge (or 4 discrete 3A diodes) e.g. 

RS type 261-457 
D5-6 1N4148, 1N914 

D7-8 BZY88-5V6 

D9-10 1N4148, 1N914 

Oil 1N4001 

D12 Any suitable I.e.d. (TIL 209 etc.) 


Miscellaneous 

Mains transformer 240V primary, 20 to 25V, 2A secon¬ 
dary. Heatsink for TR3, approx. 1 deg. C per Watt (plus 
mica insulation kit) RS type 401-807 
Box to suit, on-off switch etc. 

Meter (if required) see text 

Switch (SI) if required (d.p.d.t.) + R, & Ry values (see 
text) 

^ . . 
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LI AVING formed a general picture of the workings of the 
> I analogue computer, the complete circuit of a computing 
element can now be described. This is shown in Fig. 2.1. The 
basic circuits of input and feedback, components connected 
around the op-amp can be readily recognised. The input 
comprises four resistors, R, to R 4 , which are connected to 
sockets in the patch panel and to the inverting input of the 
op-amp, via switches RLA2, Sic, and Sib. The feedback 
circuit consists of R5, Cl and C2, which can be selected by 
means of switch SI a and sockets (C7, B 6 and C 6 ) on the 
patch panel. 

Consider switch SI a set so that R5 is selected in the 
feedback loop. The computing element now becomes a 
summer. By recalling the equation for the addition circuit 
that was described last month and by substituting the values 
for R5, R1, R2, R3, and R4 it can be seen that a voltage 
applied at inputs 1 and 2 will be multiplied by unity, 

\R1 or R 2 ^~ 1 ~ 

whereas inputs 3 and 4 will multiply an input voltage by 10. 

J__ 10 

VR3 or R4^- 0 - 1 “ 

With capacitor Cl selected in the feedback loop, the 
computing element is converted to an integrator and if 
values are substituted in the equation for the integrator, it 
can again be shown that inputs 1,2 and 3, 4 give a gain of 1 
and 10 respectively. The selection of C2 in the feedback loop 
increases the gain of all inputs by a factor of 10. This is 
usually referred to as a nose gain of 10. The symbols used to 
denote adders and integrators with the relevant gain values 
are shown in Fig. 2.2. 

The "Initial Condition " resistors R 6 and R7 are brought 
into the circuit by means of switches RLA2 and Sid. VR1 is 
a lOkn potentiometer, which provides the op-amp with 
external offset nulling. This is connected across pins 1 and 5, 


with the pot slider taken to the negative supply rail. The r^n- 
inverting input of the op-amp is grounded via R 8 . The value 
of this resistor should be chosen for good thermal drift 
performance. The optimum resistance would be equal to the 
parallel value of the input and feedback resistances. Since in 
this case there are two values of input resistances, a 
compromise solution is necessary. 

The circuit of Fig. 2.1 represents just one computing 
element and analogue computers may have many such 
elements. The prototype has ten computing amplifiers wh^h 
is an adequate number for the solution of fairly compfex 
problems. j 


82 :)- WA -*- \AA- 



Fig. 2.1. Circuit diagram showing ona of the tan com¬ 
puting aiamants of the Anaiogue Computer 
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Fig. 2.2. Symbols used to denote sdders end 
integrators 

Mode Control is achieved by means of relay contacts 
RLA2 and RLB2. Relays are necessary because all ten 
amplifiers need to be controlled simultaneously. Table 1 
shows the positions of relay and other switches for mode 
control of summers and integrators. 



Fig. 2.5 shows how the ten computing amplifiers are 
arranged on a printed circuit board with the component 
overlay shown in Fig. 2.7. At the extreme ends of the board 
the two four-quadrant multiplier i.c.s are accommodated. 
This main p.c.b. is connected to other points in the computer 
by means of edge connectors. 

The Four-Quadrant Multipliers 

So far it has been shown how to multiply a variable 
voltage by a constant. This is easily done, using the 
coefficient multiplier, in conjunction with the amplifier gain. 
The formation of the product of two variables is much more 
difficult to obtain. Of the many methods that have been 
devised, most have invoived the use of devices with certain 
characteristics, e.g. a diode function generator can be set up 
to provide a square law action, or a log-antilog action. Op- 
amps are usually employed with these circuits. 

For the sake of simplicity and compactness it was decided 
to use two four-quadrant multiplier i.c.s in the prototype. As 
their name implies these can multiply in four quadrants. 



Fig. 2.3. Circuit diagram of tha Four Quadrant 
MuMpliar 


which means that either or both voltages can be positive or 
negative. This dispenses with the need to have an absolute 
value circuit preceding the multiplier, as is the case with 
other methods. 

The particular device chosen for the prototype was the 
AD533JD integrated circuit (shown in Fig. 2.3). This is not 
the cheapest four-quadrant multiplier on the market, but it 
has the advantage of being simple to operate, with the 
minimum of external components. The i.c. comprises a 
transconductance multiplying element, a stable reference, 
and an output operational amplifier on a single monolithic 
silicon chip. 

XY 

The AD533JD multiplies with a transfer function of -:j^ 
The division by 10 should not worry the programmer but it 
should always be borne in mind when solving a problem. The 
op-amp output provides ± 10V at 5mA, and is fully protected 
against short circuits to ground or either supply voltage. The 
inputs are fully protected against overvoltage transients. 

Tha Ovarload Warning Circuit 

The operation of the overload warning circuit is very 
simple. The output of every computing amplifier is sampled 
and compared with a positive and a negative reference 
voltage. If the amplifier output goes higher than the positive 
reference voltage, an I.e.d. is switched on, to indicate that 
the amplifier is saturating in the positive sense. Similarly, if 
the amplifier output falls below the negative reference 
voltage another I.e.d. is switched on to indicate saturation in 
the negative sense. The prototype uses ±11V as the 
reference voltages. An overload warning circuit is shown in 
Fig. 2.4. Only one pair of comparators and I.e.d.s are shown 
but ten pairs are necessary to serve the ten computing 
amplifiers. This circuit is arranged on a separate p.c.b. shown 
in Fig. 2.6 with the component overlay shown in Fig. 2.8. 



Resistor R9 and potentiometers VR11 and VR12 are 
connected across the positive and negative supply rails to 
form a potential divider that generates the positive and 
negative reference voltages of +11V and —11V. These 
voltages are applied to the inverting inputs of the twenty 
comparators as shown. The output of each computing 
amplifier is applied to the non-inverting inputs of the 
corresponding pair of comparators. The comparators drive 
the warning I.e.d.s, the brightness of which is set by preset 
potentiometers. The 741 op-amp was also used here as a 
comparator. Experience with the prototype has shown that 
the 741 is capable of driving the I.e.d.s with reasonable 
brightness without overheating. 
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Fig. 2.7. Component layout for the main p.c.b. 
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The Relay Mode Control P.C.B. 

With ten amplifiers and two relay contacts per amplifier 
there is a need for twenty relay contacts. Complete mode 
control could be achieved with two ten-pole relays, one 
operating the RLA and C switches and the other the RLB and 
D switches. Ten-pole relays are difficult to find however and 
the prototype uses four six-pole relays operating in pairs. 
{The coil connections for the four relays are shown in Fig. 
2.11.) This arrangement leaves four unused poles, which 
may become useful if it is decided to extend the computer. 




Fig. 2.11. Coil diagram for relays 

The p.c.b. which accommodates the four relays is shown in 
Fig. 2.9. Connections to and from this board are also made 
via edge connectors. 


Case Construction 

The front panel requires a large surface area to 
accommodate the patch panel, potentiometers, switches, 
I.e.d.s etc. Because of this it will be difficult to obtain the 
right shaped case off the shelf. The prototype case was 
constructed from aluminium sheet. Two square panels form 
the front and the back of the case and the sides, top and 
bottom are cut and shaped as shown in Fig. 2.10, using the 







m 

1 









i i 




Fig. 2.10. Casa cutting and driliing details holes «9 5 
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same gauge aluminium sheet. A bench vice, folding bar, and 
a sheet metai mallet are useful for this purpose. Fig. 2.10 
shows the positions and dimensions of the holes required in 
the front panel. A lot of patience is required for the process 
of driliing, due to the large number of holes and the fact that 
a badly positioned hole will be detrimental to the 
appearance of the layout. This is particularly true in the case 
of the patch panel holes. A pitch of 12mm in both directions 
is enough to give a reasonable tolerance for positioning 
errors and at the same time avoid excessive gaps between 
the sockets. For the larger holes the use of sheet metal 
punches is recommended. Having drilled or punched all the 
holes, the front panel should then be labelled using dry letter 
transfers and sprayed with a clear lacquer fixative. The 
suggested labelling is shown in the photograph of the front 
panel. 


The Patch Panel 

The patch panel is constructed using 3-2mm sockets 
arranged in a matrix and packed together as closely as 
possible. There are 148 of these sockets and because 
identifying each one is difficult a colour coding system was 
used. Fig. 2.12 shows the arrangement of the sockets for 
one amplifier, one coefficient multiplier and one four- 
quadrant multiplier. 

The pattern for the amplifier and coefficient multiplier 
shown in Fig. 2.12 is repeated ten times for the ten 
computing elements. The eight coefficient multipliers use 16 
sockets on the top row. Two of the remaining four sockets 
are connected to the two panel meters and the other two are 
connected to batteries to provide reference voltages. Both 
positive and negative reference voltages will be needed for 
the solution of certain problems. 



Fig. 2.12. Patch panel layout for ona computing ola- 
mant (rows B and C) and ona Four Quadrant Muhipliar 
(row A) 


For the four-quadrant multipliers four sockets are needed 
per multiplier and these are positioned on the extreme left 
and right of the patch panel. 


COMPONENTS . . . 


Rssistors 

R1,R2, R5 IMn^W 2% metal oxide (30 off) 

R3, R4 10Okn 2% metal oxide (20 off) 

R8 270kniW5%carbon(10off) 

R9 100kn|ws% carbon 

RIO 7-5kn'JW5%carbon(2off) 

Potentiometers 

VR1,VR8 4-7kn(2off) 

VR2-VR7 22kn (6 off) 

VR9-VR30 22krj (22 off) 

VR31-VR40 10kQ0-5WUn(10off) 

All horizontal min. presets except where stated 

Capacitors 

Cl 1pF160V(10off) 

C2 0-1pF leOVdOoff) 

Semiconductors 

IC1-IC30 741 op amp (30 off) 

IC31 -1032 AD533J D (2 off) 

D1-D20 TIL 209 (20 off) 

Miscellaneous 

4 off 6 way changeover relays 
4 off mounting sockets for relays 
holders for i.c.s (if req.) 

CONSTRUCTOR'S NOTE: The AD533JD 
Four Quadrant Multiplier is available from 

Analog Devices Ltd., Central Avenue, East 
Mofesey, Surrey. 


Stage by Stage Construction 

The computer has been designed so that it can be built in 
stages. At this point in the construction, ie, with the 
aluminium case and the p.c.b.s constructed and drilled, the 
constructor has to take a decision, as to whether he wants to 
opt for a stage construction. His choice can be very flexible. 
For example, one may decide that initially, all ten computing 
amplifiers are not absolutely necessary for the solution of 
simple problems with which the inexperienced programmer 
will b'te involved. Four amplifiers are enough to carry out 
fairly interesting experiments. Later, when more experience 
is gained, more computing amplifiers can be added as 
necessary. The same applies to the coefficient multipliers 
and the panel meters. 

It should be mentioned that if four 6-poie relays are used 
for the mode control, as is the case with the prototype, at 
least two of these will be necessary even if only one or two 
amplifiers are used initially. Two 6-pole relays can provide 
mode control for six amplifiers. 

Another area in which stage by stage construction can be 
applied, concerns the overload warning circuit. Here, the 
comparators and the I.e.d.s can be added following the 
addition of more amplifiers. Alternatively it may be decided 
to leave the warning circuit out altogether initially. This will 
make life difficuit for the programmer, but it wili not affect 
the operation of the computer. 

NEXT MONTH: WIRING AND TESTING 
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A selection of readers' 
original circuit ideas. It 
should be emphasised 
that these designs have 
not been proven by us. 
They wili at any rate 
stimulate further thought. 

Why not submit your 
idea? Any idea published 
will be awarded payment 
according to its merits. 

Articles submitted tor 
publication should con¬ 
form to the usual prsr. 
tices of this journal, 
with regard to abbrc. _ 
tions and circuit symbols. 
Diagrams should be on 
separate sheets, not in¬ 
serted in the text. 

Each idea submitted 
must be accompanied by 
a declaration to the effect 
that it Is the original work 
of the undersigned, and 
that it has not been 
accepted for publication 


CAPACITOR CONTINUITY TESTER 


T he capacitor continuity tester is built 
around a 4011 i.c, using the basic 
oscillator circuit shown in Fig. 1. The 
frequency is approximately, f= Hz 

and this relationship was used to determine 
the values of R for a given value of C and 
a nominal frequency of IkHz. 

The working values of R and the 
corresponding ranges of C are given in the 
table and the actual tester circuit in Fig. 2. 


Rather than leave the two unused gates 
idle, another oscillator was constructed 
and this formed the continuity tester. Fig. 
3. The two testers were combined as 
shown in Fig. 4. The output was fed to the 
BC 108/loudspeaker driver and the 
combined tester was powered by a PP3 
battery. 

This tester proved to be a very useful 
item especially when dealing with ex¬ 
computer type components etc. 

A. W. Cunningham, 


Capacitor Range 

Resistor 

0-l,000pF 

R1 

3-3Mn 

l,000pF-0-01nF 

R2 

430kn 

O-OlpF-O-lnF 

R3 

47kn 

0-lpF-lpF 

R4 

4-7kn 

IpF-lOpF 

R5 

3-3kn 

lOpF 

R6 

— 
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SYNTHESISER REPETITIVE WAVEFORM GENERATOR 



T he circuit shown loads digital 
information into an 8-bit shift register 
when SI is in position “B”. In this version 
the information is supplied from a 
telephone dial. The dialling contacts 
generate a number of pulses which are 
used to clock a 7490 decade counter. 

IC2 and 3 provide contact bounce 
suppression. The length of the output pulse 
may have to be varied slightly by adjusting 
the relevant timing components. 

When the dial is released the second set 
of contacts open and this is used to reset 
the counter and advance the shift registers. 
During the loading of information S3 
should be in position A. When the 8 bits of 
information are loaded, SI is set to 
position A and S3 to position B. The shift 
registers are then advanced by the 555 
astable at a rate dependent on VRl. The 


output from the shift registers is then 
loaded into a digital-to-analogue converter, 
consisting of IC17 and 18 and associated 
components. The values assigned to each 
data bit can be varied by VR2-5. This 
enables the output to be “scaled” so that 
each word of digital information can be 
given the required value. The overall 
output level is controlled by VR6. 

S2 is used to reset the shift registers to 

The circuit as shown lends itself readily 
to modification. The telephone dial 
circuitry could be replaced by any device 
producing digital information, as long as a 
means is provided for advancing the shift 
registers. 

The 7490 counter could be replaced by 
a 7492 or -93, giving a greater range of 
output values. The D-A converter could be 


replaced by a 4-10 line or 4-16 line 
decoder, and with due regard to loading of 
the outputs could provide totally 
independent control over the value of each 
data word. 

There are many more variations which 
could be added to this list. The final 
version chosen would depend on the 
application and on the equipment 
available. 

The device could be expanded to handle 
multiples of 8 words by adding further 
shift registers in series with those already 
in circuit. 

B. Hatton, 
Southampton, 
Hants. 
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SIMPLE FUZZ 



ACCENTING METRONOME 



THE circuit shown produces the same ef- 
' feet as the Synchronome described in 
PE March 1976, but at less than half of the 
cost. 

An astable multivibrator generates 
pulses variable from approximately 60 to 
200 per minute which are fed to a NAND 
gate (IC3a) connected as an inverter. C3 
and R5 converts the output pulses from 
1C 3 a to spikes which switch TR3 on, 
producing a distinct click in the speaker. 

The accent is produced by three J-K 
master slave bistables arranged as a 3 bit 


binary counter. The multivibrator pulses 
are fed directly to the clock input of ICla 
and depending on the position of SI a 
pulse is sent via C4 and R6 to the base of 
TR4, on the second, third or fourth beat 
producing duple, triple and quadruple time 
respectively. 

For example, consider quadruple time. 
In every fourth beat, the Q output of IC2a 
goes to logic 1 which resets the counter via 
lC3b. In every third beat from the reset 
condition an accent pulse is produced and 
applied to TR4. This is louder than the 


single beats since a resistor is not included 
in the emitter of TR4. R7 reduces the 
current through the speaker on single 
beats. It should be noted that J-K bistables 
trigger on the trailing edge of the clock 
pulse, therefore IC3a was included so that 
the accent was synchronised with the 
single beats. S2 is used to switch off the ac¬ 
cent when it is not required. 

D. A. Seddon, 
Widnes, 
Cheshire. 
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Deferring to the circuit diagram, 
''TRl is a simple variable-gain pream¬ 
plifier. The amount of gain is controlled by 
VRl, and this in turn influences the sustain 
time produced. 

TR2 and its associated components 
form the clipping stage which produces the 
fuzz effect. The coupling capacitors are 
kept small to prevent lower notes from the 
guitar overpowering the unit when chords 
are played. R3 and VR2 form a potential 
divider which provides bias for TR2. For 
the clipping stage to operate correctly, it is 
necessary for the bias to be set quite 
precisely (as described later). 

The reason for this can be best un¬ 
derstood by considering the graph. This 
shows the variation in the voltage at the 
collector of TR2 as VR2 is varied from 
zero resistance to lOOkO. The limiting 
occurs if the resistance is set between the 
points A and B. If an a.c. voltage is then 
applied via C4, then positive half-cycles 
will cause the collector voltage to limit at 
about 0-3V, and negative half cycles will 
cause limiting at 0-8V. Between these two 
points, the gain is approximately linear and 
so the decay characteristic of the guitar 
note is preserved (after a period of sustain). 

The simplest method of setting VR2 is 
to connect the unit to a guitar and am¬ 


plifier and adjust VR2 until the note is 
audible. (The required position is approx¬ 
imately half-way). VR2 can then be finely 
adjusted so that the note decays without 
moving off or becoming distorted. Once 
set, the unit will only require adjusting oc¬ 
casionally, to compensate for falling; bat¬ 
tery voltage. Even so, it is advisable to 
have VR2 accessible from the outside of 
the cabinet. 

The values of C* and R* depend on the 
tone required. In the prototype 0-002pF 


and 2-2kn were used to give a sharp, 
biting tone. A silicon diode can be sub¬ 
stituted for the 0A81 but with a conse¬ 
quent loss of sustain time. 

The unit is yery simple, has a very low 
movement consumption (0-5mA) and 
gives extremely good results, particularly 
when used with the Phasing Unit (PE 
‘Sound Design’) or Treble Booster (PE 
April 1976). . 

D. McCabe, 
Manchester. 


STEREO INDICATOR 



THE following is a description of an 
' AM/FM Stereo Indicator for use with a 
stereo radio tuner. It is based on a seven 
segment I.e.d. display. 

The segments are so connected that an 
“A” lights up for AM, an “F” for FM, and 
an “S” for FM stereo. 

A touch switch, identical to that which 
appeared in the April 1975 issue of 
“Everyday Electronics”, actuates a relay. 


This is connected in place of the AM/FM 
switch in the tuner. The voltage at the 
collector of TR3 is taken to a NOR gate 
connected as an inverter. A further signal 
is taken from the stereo decoder of the 
tuner in place of the stereo beacon which is 
removed. ICl encodes these two signals 
into a form suitable to give the required 
display. 

It will be noticed that segments A, F 


and G are permanently connected to the 
positive supply line. This should be at no a 
more than 15V, or else the i.c. will be 
damaged. The supply should be capable of 
supplying both the relay current and 
60mA for the I.e.d. display. The remaining 
circuitry consumes little current. 

D. P. Akerman, 
Dagenham, 
Essex. 
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EXTERNAL INPUT UNIT FOR SYNTHESISERS 



T he unit shown will allow external in¬ 
puts such as guitars, microphones etc. 
to be processed by the circuits within the 
synthesiser. 

IC1 is an ampliHer and VR1 should be 
adjusted to give 2V r.m.s. at A with the 
output of the input source at maximum 
amplitude. This will give about 400mV 
r.m.s. at the “signal output” which is ade¬ 
quate enough for most synthesisers. 

IC 1 also feeds a comparator IC2 whose 
reference level is variable and thus the 
length of time between the first and last 
positive pulses that will appear at the out¬ 
put is variable due to the nature of sound 
envelopes. 

IC2 feeds another comparator IC3. The 
components Dl, R7 and C3 make sure 
IC3 receives constant positive input level 
when a signal is inputted into the circuit. 
The time constant of R7 and C3 is about 
lOOms which is more than adequate to 
cope with the negative half of each cycle of 


the input frequency but is not too large as 
to impair performance if two notes are 
played very quickly one after another. 

Thus with no input signal the output of 
IC3 will be sitting at positive saturation 
but when an input signal is applied the out¬ 
put of IC3 will go to negative saturation 
for a length of time determined by the 
duration of the input signal and the setting 
of VR3 and will then go back into positive 
saturation. 

If a synthesiser system is being used 
where a positive going trigger voltage is re¬ 
quired for the envelope shapers the follow¬ 
ing changes should be made; R4 and R7 to 
-f 9V instead of —9V. R9 to —9V instead of 
-(-9V and Dl should be reversed. If the 
trigger output is to go from OV to —8V or 
from OV to -h8V then diodes can be put on 
the output as required. 

With a normal electric guitar envelope 
VR3 can adjust the trigger pulse length 
from about 10ms to about 3s. 


Many interesting effects can be obtained 
using an electric guitar with the unit from 
envelope reshaping to triggered “Wah” 
and triggered “Phase” if the synthesiser 
has a voltage controlled phaser. Also white 
noise can be triggered and mixed to create 
strange rushing sounds with each note 

The unit should work well with both the 
P.E. Sound Synthesiser and the Minisonic 
/and//. 

P. G. Ludgate, 
Wycombe Marsh, 
Bucks. 



THE FIRST BOOK OF KIM-I 

Edited by J. Butterfield, S. Ockers and E. Rehnke 
Published in Europe by Humen Electron GmbH 
Aveileble from Memec Ltd., The Firs, Whitchurch, 
Nr. Aylesbury, Bucks. 

210 X 145mm. Price £7-50 

T his is a book “Dedicated to the person who has just purchased a 
KIM-1 microprocessor system and doesn’t know what to do with 
it” and as such, it undoubtedly fills a very large void! The KIM-1 
system itself is a microprocessor board based on the 6502 chip. It 
features a hexadecimal keyboard, a cassette interface, a full IK of 
program ram and a high standard of documentation. (A full review of 
KIM-1 was published in the Feb ’78 issue.) 

This new book makes the KIM-1 an even more attractive 
proposition because it takes the beginner by the hand with a chapter 
entitled “A beginner’s guide to KIM programming” and then goes on to 


discuss and document no fewer than twenty-nine different programs for 
“Games and diversions” and another thirteen “Utility” programs 
designed to expand KIM capabilities and aid system testing. After the 
programming section come further chapters on “Expanding your 
KIM”, “Connecting to the world” and “Pot Pourri” which is a 
collection of useful information and tips. 

The book is well written in an easy going style which does not 
assume that all readers already sport a degree or two in computer 
science and electronics, as do so many other microprocessor broks! 
Despite its low-key approach and its accent on games and diversions 
though, this book is a mine of valuable knowledge which should prove 
both instructive and useful to all present or prospective KIM owners 
whether software or hardware orientated. 

I feel that I can even recommend this book to readers who do not 
actually intend the purchase of a KIM system, but who thirst after this 
kind of knowledge for its own sake. All the programs in the book 
include a brief .description and a full hexadecimal/mnemonic listing so 
that they can be easily understood and/or entered into a KIM system 
when required. Examples of the games programs listed are: Asteroid, 
Bandit, Black Jack, Clock, Farmer Brown, Lunar Lander, and Music 
Box. Utilities include: Directory, Hypertape, Relocate, Sort, and Verify 
Tape. Readers with a different microprocessor system should find these 
programs a source of inspiration and may even find it possible to 
convert some of them to run on a different system, with a little effort. 

My last word comes from the Pot Pourri section of the book. 
Remember: Computers are dumber than humans but smarter than 
programmers! r.c. 
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SPEAKERS AVAILABIE WITHOUT CABINETS. 

s (he units which we supply with the enclosures illustrated 
le 13' X S lappron.l wooler. lEMII, 21 spp 7»<l P«' 


BUILTAND READY TO PLAY 

SPEAKERS Two models - Duo Mb. teak veneer. 12 watts 
rtiis. 24 watts peek. IBl" x ISi" x 71-jeppros.). 

’K"'^C'oooUl 


"■ ‘17 


" ‘52 vs, 


AM/FM STEREO TUNER AMPLIFIER CHASSIS COMPLi TE 
Ready built Designed in a slim form for compact modem installation 
Rettry Cwtroh Vol On/(HI. Bass. Treble. Balance 


uin Bridge—3SV DC from 21O-2S0V AC. SOI 


from25KHz, (150mV/J00K}devi8tio 


Ip £19.95 


function CHRONOGRAPH man's digital 
EO CASSETTE record/replay fully built PC 

MulUturn Vancap tuning pots. 6 for 


Value for personal shoppers 

l•■1fVOLTMAIN$TUHSFORMEIl2VIBMp. £2 gQ 

3SR Record auto deck on plinth with « av 

ilereo cartndge ready weed £ 1 | .95 

£5.95 
£7.95 
£12.95 
£1.95 
£13.95 
£3.50 
£ 1.00 
£5.95 
£1.50 
£2.95 
£24.95 

£ 20.00 
£10.95 
£14.95 
£12.95 

£13.95 
£8.95 


2 BAND CLOCK-RADIO Ms 
VtOEOMASTEFr Super SCO 


Opportunity! 

AUDIO MODULES IN 
BARGAIN PACKS 

CURRENT CATALOGUE 
PRICER 
ATOVER 



3B a 30 WAH AMPLIFIER KIT fOQOO 

For the esperiencad constructor complete in every 

detail. Similar facilities as Viscount IV amplifier. P & p £2.50 

60+60 peak. 

AVAILABLE NOW built and fully tasted with 
output 30 + 30 watts rms. 60 + 60 peak. 

SPECIAL OFFER: PACKAGE PRICE WITH 30 x 30 KIT Mk. It 
version.operates into4 to 1S OHMS speakers. Designed by H&TVC 
for the experienced constructor. Complete in every detail, facilities 
as Viscount IV amplifier 60 + 60 peak. Supplied with 2 
Goodmans Compact 1 T bass woofer with cropped 14.000 Gauss 

?lC™.ra..TanrrSsr.r». ‘AS"" £4.00 



■4 


el. PLUS INTER DECK FADER 

I^'^''£'U57 


PLAYER DECKS Record < 



rti^v^^mr^r^^x^^p^rtir ‘i6^° 



PeneMlSIttippeteEDGWARt ROAD LONDON W2Tet 01-723 8432. 9J11 »bi-8.3II|«ii. HiWdiyTliiifidiy. ACTON: M»i Onlet oidy. Wo cillefi GOODS WOT DESPATCHED OUTSIDE UK 
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ALL PRICES INCLUDE VAT & P/P CATALOGUE 40p 

MIN ORDER £2.00 

THE COMPONENT CENTRE 




DORA CHIME KITS IN THE 
NEW DORAM HOBBIES 
CATALOGUE. 





t5„oiacW«“| 


Doram Electronics Ltd ' 

POBoxTR8,LeedsLS12 2UF , 

Please send my FREE Hobbies Catalogue. i (AVAILABLE LATE SEPT) 
I enclose 25p contribution to p. & p. 


Ooram Electronics Ltd 
I I I PO Box TR8. Leeds LS12 2UF 

Overseas customers (except for N. Irelandl^eOp 
^ including despatch by Air (or all-up post). 



BRING YOU THE NEW CHINAGLIA 



0" Full-viu__ 

sar unambiguous scales 
* A well-dam^d cylindrical magnet i 


51 ranges providing coverage frc 


MINOR 

POCKET 

MULTIMETER 

THE 

PROFESSIONAL 

SOLUTION 

TO 


£32-50 inc. VAT. 


For details of this and other exciting Alcon instruments piease write or phone:- 


I Instruments Ltd. 

19 MULBERRY WALK. LONDON SW3 6DZ TEL: 01-352 1897 
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by Mike Abbott 

STRAIN GAUGE 

I T IS certainly nice to know if a bridge is likely to collapse due to 
fatigue, or any other structure come to that! The most common 
method of analysing stress distribution and resultant strain is to employ 
strain gauges, and the photograph shows the latest from Hottinger 
Baldwin and Messtechnik (HBM for short), the LY41. The wires 
soldered to these gauges give an indication of their size, and this new 
range of low cost strain gauges have a unique integration of etched foil 
and tinned soldering terminals fully embedded in a 40|xm thick 
polymide carrier, specifically designed for ease of application in the 
field of static and dynamic stress analysis. 



They combine good continuous vibration response, low hysteresis, 
excellent linearity and wide temperature range with a flexibility that 
allows the gauge to be bonded to a 0-3mm radius surface. Each of the 
types (LY41 with a temperature co-efficient that matches steel and 
LY43 that matches aluminium), are available in 9 different sizes in 120 
ohm and 350 ohm nominal resistances. 


BIG BROTHER CHECK 

B efore it goes too far . . . Before what goes too far? Well, every 
organisation you deal with is, or will eventually have your details 
held by a computer. Banks, building societies, the taxman, your 
employer, vehicle licensing, police records, local authorities, hire 
purchase and finance companies, insurance companies . . . “all right, 
that’s enough” I can hear you say. It is enough (or should be), but it will 
probably get worse. How? When these machines start conferring with 
each other. When judgements are made concerning your welfare, based 
on facts or past events, perhaps even forgotten by yourself, and through 
which doors are closed to-you by nondescripts with your life history 
and status at their fingertips. 

If this prospect frightens you (and it should do), you will be 
interested to learn of a new bimonthly journal from IPC Science and 
Technology Press, called “Information Privacy”, and which sprung to 
life, guns at the ready, this September. 

“Information Privacy” is an international journal which will cover 
the technical, legal and social issues of computer-based information 
systems and their use. Hardware, software and security considerations 
will be covered in detail as will the needs for and application of legal 
controls, codes of conduct and practice and social implications. The 
value and use of data information systems to individuals, organisations 
and the community will be important areas of discussion. 

System analysts, designers, data processing managers and beneficial 
users now have to consider caref^ully the development and use of 
databases and databanks. Transnational dataflow poses worldwide 
problems of control. 


Data has to be protected from unauthorised access and theft. 
Installations need to be protected from damage. Efficient measures are 
needed to ensure the smooth running of an organisation and to preserve 
competition. The type of information held may be subject to control. 
The effects of information systems on organisational structures and the 
consequent wider social implications will be significant. 

Each issue of the journal will deal with a selection of the above topics 
and will contain five or six papers, industry news and international 
reviews of working groups, legislation and practice, conference reports, 
book reviews, calendar and literature reviews. 

Topics covered will include: Techniques; Legislation; Information 
Systems; Working Group Activities; Case Studies; Computer Crime 
Casebook; Organisational Aspects; Current Interest Section. 

Readership will be international and aimed at: Computer Engineers 
and Designers; Systems Analysts and Programmers; Data Processing 
Managers; Management services and top management; Legal Advisers; 
Beneficial users; All professionals who deal with computer based 
information systems. 

Further details can be obtained from G. W. Jones, IPC Science and 
Technology Press Ltd., IPC House, 32 High Street, Guildford, Surrey 
GUI 3EW. 


MICRO POWER PACK 

D esigned especially for Series/80 microprocessor-boards but 
applicable to other microprocessor systems, is a new multi-level 
power supply from the Computer Products Group of National 
Semiconductor, which combines precise line and load regulation with 
current limiting, over-voltage protection and power-failure detection. 

The BLC 635 power supply provides -t-nV at 2-OA, -i-5V at 14-OA, 
—5V at 0-9A and —12V at 0-8A. Incorporated are circuits to limit 
current at 1-2 times rated values at all levels, and over-voltage circuits 
which trip at 1 • 16 to 1 -32 times rated voltage. 

Load regulation is 0-1 per cent for a 50 per cent load change and line 
regulation is 0-1 per cent for a 10 per cent variation. Ripple is lOmV 
peak-to-peak, from d.c. to 500kHz, on all outputs. Stability is 0-05 per 
cent for 8 hours with constant line, load and temperature. Remote sens¬ 
ing is provided for the -f 5V level and all outputs may be trimmed ±5 per 
cent from nominal values. 

An a.c. power failure detection circuit supplies a TTL compatible 
high-level signal when line voltage drops 10 per cent below normal. The 
signal returns low when line voltage reaches 8 per cent of normal value. 
For orderly shut-downs, all d.c. levels remain within specification for 
2ms after low line conditions and 7 •5ms after complete power loss. 

The line transformer is tapped for lOOV, 115V, 200V and 230V a.c. 
The 100/115 V and 200/300V lines are separately fused. Input fre¬ 
quency is 47Hz to 63Hz. The BLC635 measures 81 x 161 x 320mm 
and weighs 5-9kg (131bs.). 


COMPUTERS GALORE CLUB 

T he north London Hobby Computer Club will be opening on Wed¬ 
nesday, October 5. The Department of Electronic and Com¬ 
munications Engineering of the Polytechnic of North London will be 
making available much of their equipment for the club. They have two 
PETs, (third coming soon), four 6800 based computer systems, floppy 
disc, printers, VDUs, and some KIM and Motorola microcomputer 
systems. Can’t be bad if you live in the area and are looking for some 
“hands on” experience, because the club is open to all, not just the 
students. 

It is hoped that a few “home-brewed” activities get going before 
Christmas, and some meetings are expected to be centred around talks 
by manufacturers and discussions on programming. However, from the 
new year it is anticipated that three sets of activities will run con¬ 
currently (or sequentially depending upon membership numbers), and 
these are; short courses on programming in Basic, and at machine level, 
a home-brew section using the department facilities (up to 35 people 
can solder and test at the same time), and introductory talks and discus¬ 
sions for those intending to run their own systems. 

The club is being organised by members of the Amateur Computer 
Club, as well as lecturers in digital electronics. If you are interested, hop 
on the Piccadilly Line to Holloway Road Station, and you’ll find it all 
happening in Room 47 of the old polytechnic building opposite the tube 
station. The inaugural meeting starts at 6-30 p.m. 


Practical Electronics October 1978 


1087 









RANGE 

TIMER 


J.D.JARDINE 


T he unit to be described here is a two range timer which 
is capable of generating either 0-10 sec or 0-100 sec 
variable timing periods depending on the range selected. 

The construction and calibration of the unit is straight 
forward with its output voltage capable of driving either an 
I.e.d. or small reed relay for the duration of the set time 
period. 

The timer was originally constructed for photographic use 
whefe its good repeatability ensured consistent results when 
multiple print processing; but with it being portable and 
reasonably small, it has found many other general purpose 
applications. 

CIRCUIT DESCRIPTION 

The complete circuit diagram of the Two Range Timer is 
shown in Fig. 1 with the range required being selected by 
SI. 

If when SI is in the position shown (0-100 second range) 
and S3 is pressed Cl is discharged and the timing period is 
initiated. After S3 has been released the output voltage of 
the comparator (ICI) is switched high and the relay 
energised. 

IC2 which is connected as an integrator has its non¬ 
inverting input (pin 3) held positive by the potential divider 


R2, VR3 and VR4 with respect to its inverting input (pin 2). 
This causes the output to IC2 to generate a positive going 
ramp waveform the slope of which is determined by Cl, R1, 
VR3 and VR4. With IC2 acting as a constant current 
generator the slope of the ramp is linear. 

This ramp voltage is applied to pin 2 of the voltage com¬ 
parator (ICI) which compares it with a reference voltage set 
by VR1 and VR2. When the positive voltage on pin 2 
reaches a level which is a few millivolts positive of pin 3 the 
output of IC2 is switched low and the relay de-energised. 

TR1, R3 and D4 provide a stable 11-BV supply to the 
circuit and D1 eliminates the slight glow in the I.e.d. due to 
the saturation voltage of the i.c. when the unit has timed out. 

CONSTRUCTION 

In the prototype the components were soldered onto 0-1 
in. Veroboard using the layout shown in Fig. 2. After solder¬ 
ing, the board and other components were fitted into 
110mm dia. metal case which should be drilled or punched 
as shown in Fig. 3. 

The layout of the components inside the case is shown in 
the photograph with the push button mounted on the lid. 

The cursor which is made of Perspex can be curved by 
warming it over a hot soldering iron and gently bending it to 



1088 


Practical Electronics October 1978 







































shape. The index line should be scribed using a sharp knife 
and then the small knob should be fixed to the cursor using 
an epoxy adhesive. 

The scale is thin white card, cut to the size shown and 
marked off with 100 two millimetre divisions and it is moun¬ 
ted on the case with its mid-way point opposite the centre 


COMPONENTS . . . 


Resistors 

R1 1-5Mn 

R2 2-2kn 

R3 3-9kn 

*R4 680n 

All 5% carbon 

Capacitors 

Cl lnF polyester (C280 type) 


Potentiometers 

VR1 lOkn 0-25W linear 

VR2 4-7kn 

VR3 loon 

VR4 1 kO 


All horizontal sub-min presets except where stated 


Semiconductors 

D1 1N4001 

D2 12V400mW Zener 

*D3 3-3V400mW Zener 

*D4 TIL209l.e.d. 

TR1 BC107 

IC1,IC2 741 op.amp. (2 off) 


Switches 

S1,S2 DPDT slide type (2 off) 

S3 push to make (latching) switch 


Miscellaneous 

•Reed relay R.S. type 348-986 . 

PP3 battery (2 off) 

0-1" matrix Veroboard 
Clear Perspex 
Control knob 
Battery clips (2 off) 

110mm dia. case 
•See Fig. 1. 



Fig. 3. Case drilling details 

point of the potentiometers shaft rotation. Alternatively the 
scale can be left blank except for the 0 and 10 marks and 
calibrated as described in (b) (for more accurate time 
periods). 

CALIBRATION 

(a) Using a pre-marked scale. 

(1) Switch on and set the range switch to the 10 second 
range. 

(2) Set the cursor to 0 and push S3, and relay or I.e.d. 
should energise for a short while before dropping out; 
VR2 should then be adjusted so that v\)hen the button 
is pressed, the relay or I.e.d. is energised for as short a 
period as possible (less than 0-1 seconds). 

(3) Set the cursor to 10 and press the button; using a 
stop watch or clock, time the period before the relay 
or I.e.d. drops out. 

(4) Adjust VR4, press the button and re-time; adjust VR4 
again if necessary. Repeat until a 10 second delay is 
obtained. 

(5) Switch to the 100 second range and repeat steps 3 
and 4 using VR3. 

(b) U^ing an unmarked scale. 

Go through items 1, 2, 3, 4, 5 then select an intermediate 
time (on either range) and set the cursor somewhere near; 
push S3, time it through and thus adjust the cursor closer to 
the desired point. Repeat until the time period is exact and 
mark to scale, other times are obtained by the same method. 



OTHER RANGES 

The timing range generated by the unit is a function of the 
valueofVR3,VR4, Cl andRI. 

Therefore to double the ranges (0 to 20 seconds 0 to 200 
seconds) Cl could simply be doubled in vaiue; although due 
to the new components tolerance a small recalibration may 
be required. if 
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MewsDriefs 

UNDERGROUND CAMERAS 

N ever jump to the conclusion that because you are alone, you are 
not being watched. We are beginning to take for granted those 
rooftop cameras watching busy Junctions and stretches of motorway. 
We have reported in this column, remote control cameras monitoring 
bus queues as part of public transport schemes. You see them at 
automatic railway crossings, department stores and public places. 

Here is another news brief concerning those ever accumulating eyes. 
A closed-circuit-television transmission and switching system is to 
monitor the three stations on London Transport’s new Piccadilly Line 
extension to Heathrow Airport. Designed by British Relay (Electronics) 
to a London Transport specification, the system provides video 
switching facilities at each of the three stations for local monitoring, 
and a transmission system to Earls Court (a distance of 13 miles),/or 
remote monitoring of the station platforms by the line controller. 

It has been provided as an operational aid to control passenger 
flows, particularly during emergencies or abnormal traffic conditions. It 
is intended to enable incidents to be detected and potential problems to 
be anticipated, thus allowing remedial action to be initiated quickly and 
station staff to be deployed more efficiently. 

Cameras viewing strategic areas at each station can be selected by 
means of a new 12-input/8-output matrix designed and produced by 
British Relay. The matrix design also allows any one camera to be 
monitored by all outputs without deterioration of the composite video 



Local monitoring facilities are provided at Heathrow Central and 
platform-only monitoring of all three stations is provided for the line 
controller situated at Earls Court. 

The transmission system comprises a wide-band 30-MHz 3-channel 
stacked carrier multiplex system over a single coaxial cable running the 
whole length of the line between Earls Court and Heathrow Central (a 
type of system particularly immune from electrical track interference). 
The carrier frequencies of the two existing channels employed are 
4-43MHZ and 13-30MHz but a third channel of 24-7MHz carrier 
frequency can be provided by the addition of an appropriate modulator 
at the required locations and a demodulator at Earls Court. 

A feature of the system is that it can be easily extended by the 
addition of line repeater and directional coupler assemblies which 
would amplify and allow connection to other sites along the line without 
deterioration of the existing modulated composite video signal. 

British Relay are also supplying London Transport with CCTV 
switching and transmission equipment for other important central area 
stations including the new ones being built under stage-1 of the Jubilee 

Perhaps it will eventually become a way of life to be visually 
“monitored" whilst out and about. 


STEAM ADVICE 

M ost people are by now aware that there are going to be some 
changes made in the ether on 23 November this year, when a new 
international frequency agreement comes into force. This provides for a 
considerable increase in the number, and power of transmitters used in 
Europe. 

As a result of these new conditions, and to make best use of the fre¬ 
quencies available, the BBC is reorganising its arrangements for broad¬ 
casting Radios 1, 2,3, and 4 on the medium- and long-wave bands. 
Radio 1 will be transmitted on 1053 and 1089kHz (285 and 275 
metres) MF instead of 1214kHz (247 metres) MF. The low-power 
transmission on 1485kHz (202 metres) MF at Bournemouth will be 
retained. 

Radio 2 will be transmitted on 693 and 909kHz (433 and 330 metres) 
MF instead of 200kHz (1500 metres) LF and 1484kHz (202 metres) 
MF (Scotland). 

Radio 3 will be transmitted on 1215kHz (247 metres) MF instead of 
647kHz (464 metres) MF. 

Radio 4 will be transmitted on 200kHz (1500 metres) LF instead of 
692, 908 and 1052kHz (434, 330 and 285 metres) MF. There will be 
additional transmissions on 603kHz (498 metres) for Tyneside; 
720kHz (417 metres) for Northern Ireland; 1449kHz (207 metres) for 
Aberdeen; and 1485kHz (202 metres) for Carlisle. 

Services that are unchanged (except for a very small increase in fre¬ 
quency): 

Radio Scotland (810kHz/371 metres) 

Radio Wales(882kHz/34I metres) 

Radio Ulster (1341 kHz/224 metres) 

Radio I Bournemouth (1485kHz/202 metres). 

There are no changes to the BBC’s VHF transmissions. Only the 
BBC’s MF and LF radio services are affected by the changes. 

Further details on the above changes and their effects can be ob¬ 
tained from: Radio Changes, BBC, Broadcasting House, London WlA 
4WW. 

A number of additional transmitters are being installed and listeners 
should not assume that their present reception of a particular frequency 
is necessarily any indication of the reception it will provide under the 
new plan. Maps are being prepared to show which frequencies are ex¬ 
pected to provide the best service in each part of the country. 

If you are considering purchasing a wireless and would like some 
free advice on three-band receivers, aerials, car radios, tuning scales etc, 
send a 9 by 6 in. S.A.E. to Engineering Information Department, BBC, 
Broadcasting House, London WlA lAA. 

The Beeb will send you a booklet with six pages of useful recommen¬ 
dations, the most important of which is to get a three-band model. 


HERE'S TD PRDGRESS 

R aise your glasses—but don’t drink! Not if you’re driving anyway, 
because (echnological progress might be waiting to nab you just 
down the road. A new portable instrument is out which makes instant 
analysis of breath alcohol giving accuracy to within 12mg/ml of actual 
blood alcohol level. There’s no marching you down to the local “nick” 
for a blood test, and it wouldn’t be much good pretending you were too 
weak to blow a bag up because your co-operation is not required, other 
than to continue breathing. Indeed, the device can be used on the 
unconscious. 

The instrument, called the Alcolmeter type AE-M2, was invented by 
Dr T. P. Jones, and a small hand-held version designed for initial 
roadside screening purposes has been in production for nearly two 
years. The new Alcolmeter overcomes the limitations in precision of the 
pocket sized version while remaining small in size, completely portable 
and very simple to use. The instrument enables on-the-spot breath 
alcohol analysis to be carried out by passing an accurately metered 
volume of expired breath over a specially-sensitised fuel cell, housed in 
a hand-held unit linked to the equipment. 

The cell is activated by alcohol vapour and generates an electrical 
signal proportional to the alcohol content of the sample. The electrical 
signal is amplified and displayed on a panel meter. 

The Alcolmeter is currently in extensive use with the Spanish police 
authorities and has also been accepted for use in Nigeria, Switzerland 
and several American states. The instrument is also widely used in 
hospitals and alcohol clinics throughout the UK. 
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The Sinclair PDM35. 

A personal digital muhimeter for only £29/^5 

Technical specification 



Now everyone con afford to 
own o digital multimeter 

A digital multimeter used to 
mean an expensive, bulky piece of 
equipment. 

The Sinclair PDM35 changes 
that. It’s got all the functions and 
features you want in a digital 
multimeter, yet they’re neatly 
packaged in a rugged but light 
pocket-size case, ready to go 
anywhere. 

The Sinclair PDM35 gives you 
all the benefits of an ordinary digital 
multimeter - quick clear readings, 
high accuracy and resolution, high 
input impedence. Yet at £29.95 
(+8% VAT), it costs less than you’d 
expect to pay for an analogue meter! 

The Sinclair PDM35 is tailor- 
made for anyone who needs to make 
rapid measurements. Development 
engineers, field service engineers, 
lab technicians, computer specialists, 
radio and electronic hobbyists will 
find it ideal. 

With its rugged construction 
and battery operation, the PDM35 is 
perfectly suited for hand work in the 
field, while its angled display and 
optional AC power facility make it 
just as useful on the bench. 

What you get with o PDM35 
3'/2 digit resolution. 

Sharp, bright, easily read LED 
display, reading to ± 1.999. 

Automatic polarity selection. 
Resolution of 1 mV and 0.1 itA 
(O.OOOIUA). 

Direct reading of semiconductor 
forward voltages at 5 different currents. 
Resistance measured up to 20 Ml 1. 

1% of reading accuracy. 


Operation from replaceable battery 
or AC adaptor. 

Industry standard 10 M u input 
impedance. 

Compare it with on 
analogue meter! 

The PDM 35’s 1% of reading 
compares with 3% of full scale for a 
comparable analogue meter. That 
makes it around 5 times more 
accurate on average. 

The PDM35 will resolve 1 mV 
against around 10 mV for a 
comparable analogue meter - and 
resolution on current is over 1000 
times greater. 

The PDM35’s DC input 
impedance of 10 M11 is 50 times 
higher than a 20 ki i/volt analogue 
meter on the 10 V range. 

The PDM35 gives precise 
digital readings. So there’s no need to 
ir]terpret ambiguous scales, no 
parallax errors. There’s no need to 
reverse leads for negative readings. 
There’s no delicate meter movement 
to damage. And you can resolve 
current as low as 0.1 nA and measure 
transistor and diode junctions over 
5 decades of current. 


DC Volts (4 ranges) 

Range: 1 mV to 1000 V. 

Accuracy of reading 1.0% ± 1 count. 

Note: 10 M11 input impedance. 

AC Volts (40 Hz-5 kHz) 

Range: IV to 500 V. 

Accuracy of reading: 1.0% ± 2 counts. 

DC Current (6 ranges) 

Range: 1 nA to 200 mA. 

Accuracy of reading: 1.0% ± 1 count. 

Note: Max. resolution 0.1 nA. 

Resistance (5 ranges) 

Range: In to20Mn. 

Accuracy of reading: 1.5% ± 1 count. 

Also provides 5 junction-test ranges. 
Dimensions: 6 in x 3 in x 1 '/z in. 

Weight: 6'/2 oz. 

Power supply: 9 V batterv’ or 
Sinclair AC adaptor. 

Sockets: Standard 4 mm for 
resilient plugs. 

Options: AC adaptor for 240 V 
50 Hz power. De-luxe padded 
cann ing wallet. 30 kV probe. 

The Sinclair credentials 

Sinclair have pioneered a whole 
range of electronic world-firsts - from 
programmable pocket calculators 
to miniature TVs.The PDM35 
embodies six years’ experience in 
digital multimeter design, in which 
time Sinclair have become one of 
the world’s largest producers. 

Tried, tested, ready to go! 

When you buy your PDM35 
it comes complete with leads and test 
prods, carrying wallet and comprehensive 
operating instructions. 

The PDM35 is a new concept in 
multimeters - but over 20,000 have 
already been sold! If you’d like to know 
more about the PDM35, and how to 
get one, complete the coupon and post 
it to us. We’ll send you detailed 
information by return. Send the 
coupon today! 

Sinclair Radionics Ltd, London Road, 
St Ives, Huntingdon, Cambs., PE17 4HI, 
England. 


Sinclair Radionics Ltd, London Road, St Ives, Huntingdon, Cambs., PE17 4HJ. 

1 Please send me more information on the Sinclair PDM35 personal digital multimeter. 

MarriA .. 

1 Occupation. 

1 Address. 

1 

1 

,.■.;;.. 

1 

1 PE9 

World leaders in fingertip oloelronies 
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T.T.L. 74 I.C.’s By TEXAS, NATIONAL, I.T.T., 
FAIRCHILD etc 



306 ST. PAUL'S ROAD, 
HIGHBURY CORNER, LONDON N.1 


< CORNER, LONDC 


Connoisseur's New and 
Exceptional SAU4 
PickUpArm 
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A SHEET OF 120 STICKIES 
WORTH 60p IS GIVEN 
FREE INSIDE THIS ISSUE 


doubt you will by now have found 
free sheet of STICKIES. The ones you 
are for the popular 7400 series of TTL 
i.c.s plus a few blank 14 and 16 pin ones 
can be filled in as required. Sheets of 
CMOS (4000 series) are also available— 
later. 


FINDING 


Our photograph shows one of the main 
of these labels. Having constructed a 
of equipment it helps with circuit 
checking and fault finding if each i.c. has its 
corresponding label attached. Each pin 
is then either labelled or its internal 
in schematic form. 


also very useful for 
Simply stick them down 
join the pins with 

and its pins and 
for the i.c. size and pin 




perature and humidity. The adhesive used is 
a generai purpose removabie type which is 
suitable for use between —40 and +70 
degrees C. 

The data printed on STiCKiES has been 
carefuliy checked and is beiieved to be en¬ 
tirely reliable; however, no responsibility 
can be assumed for inaccuracies. 


ABBREVIATIONS 

Some abbreviations have been used on 
STiCKIES which may not be obvious to aii 
readers. These are: 

Car Out — Carry out 

Cik — Ciock 

Cir — Ciear 

EN — Enabie 

ext — Externa i 

G — GND 

inh — inhibit 

(U — Left 

MOD — Mode 

Pre — Preset 

(R) — Right 

Rst — Reset 

Sei — Select 

SER IN — Serial In 

Sh — Shift 


Str — Strobe 7439 

V — Vj-c 7440 

Inverted functions are shown thus—TST; for 7443 
inputs this indicates active low, e.g. the cir- 7444 
cult operates on the negative going transi- 7445 

tion. 7447 

A broken division line is used on i.c.s 7451 
which contain two circuits with identical 7454 

functions. Thus each function is connected 74132 
on one side of the line. 74145 

74161 

74162 

DIFFERENT I.C.S ^4163 


7401 

7420 

7442 

7442 

7442 

7446 

7450 

7453 

7400 

7442 

74160 

74160 

74160 


The STICKIES given in this issue cover 
61 different i.c.s, however, by the use of the 
"logically identical" table below this can be 
extended to 86 i.c.s. 


FOR 

7403 

7405 

7406 
7409 

7412 

7413 

7416 

7417 
7422 
7426 

7437 

7438 


USE 

7400 

7404 

7404 

7408 

7410 

7420 

7404 

7407 

7420 

7400 

7400 

7400 


MORE! 

We are sure you will find your 120 free 
ones very useful and will in due course 
need some more. Please don't write to P.E., 
be thankful for the 60p's worth we have 
given you and next time send your money 
to Concept Electronics, 8 Bayham Road, 
Sevenoaks, Kent. The cost, including an 
information sheet, plastic wallet, VAT and 
postage is 80p for a sheet of 120 (either 
7400 or 4000 series—state which is 
required). 

Alternatively, a 480 label pack is 
available for £2-80. Concept will also give 
discount for quantity orders, their 'phone 
number is 0293 514110. 


MeiMS Briefs 

by Mike Abbott 

TELETEXT COURSE 

Y ou’ve probably seen Teletext by now, if not at an exhibition, then 
through a television dealer’s window at least. Teletext could 
become the newspaper and magazine of the future, and if you’re still 
not clear how this potentially revolutionising advancement works, there 
is still a chance to leap in on the course of lectures to be held at the 
main building of the South London College. 

This short course of nine special lectures on receiver decoders will be 
held in the Lecturer Theatre on consecutive Tuesday evenings from 
6.30 to 8.30, commencing 10th October 1978. Slides will be shown and 
demonstrations given. 

The course is intended for television and telecommunications 
technicians and engineers, and will be presented by specialists from 
Industry and a member of the College staff, as follows: 

C. J. Chapman of South London College, October 10 & 17: 
Introduction to digital terminology. Topics to be introduced will 
include: binary codes, gates, counters, decode-of-count and memories. 

J. R. Chew of BBC Research Department, Tadworth, October 24: 
The Teletext signal; October 31: Character codes and generation. 
Technical facilities available. 

J. R. Kinghorn of Mullard Central Applications Laboratories, 
Mitcham, November 7: Introduction to decoders—general 
requirements for reception of teletext; November 14: The decoder 
architecture; November 21: Data acquisition circuits; November 28: 
Memory circuits and character generation; December 5: Control of the 
system. Likely developments. 

The course fee is £6-50, and early enrolment is advised. Contact: A. 
A. Rowlands, South London College, Knights Hill, London SE27 OTX. 


PATENT VICTORY 


T he Japanese Patent Office has issued a patent to Texas 
Instruments Inc. covering virtually all miniature electronic 
calculators. 

The patent is for personal-sized, battery-operated calculators which 
have their main electronic circuitry in a single integrated-circuit chip. 
The Japanese patent is based on US Patent 3,819,921, which was 
granted to Texas Instruments on the 25th June, 1974. 

The Japanese decision represents a significant milestone for Texas 
Instruments because its pocket calculator invention was subjected to 
stringent opposition by the patent system in Japan —where many 
electronic calculators are made, and was determined to be patentable 
over opposition arguments. 

Official publication of the TI miniature calculator invention was 
made by Jape’s Patent Office on the 24th August, 1974. Following 
this publication for opposition, 12 leading Japanese calculator 
companies objected. They cited a total of 25 references as a basis for 
their argument that the TI invention was not patentable. The Japanese 
Patent Office, on the 27th June, 1978, rejected the opposition 
arguments, awarding a patent to TI. 

Under the Japanese patent, Texas Instruments will have the right to 
claim royalties retroactively to the date that the TI miniature calculator 
invention was officially published by the Japanese Patent Office. Texas 
Instruments will actively seek to licence this patent. 

To date, 19 countries have issued patents to Texas Instruments for 
the calculator invention, among them the United Kingdom. 

The miniature calculator described in the Texas Instruments patent 
was the result of work done at 'H in the mid-1960s. 'The US patent was 
originally filed in 1967. This miniature calculator, the world’s first, 
employed a large-scale integrated semiconductor array containing the 
equivalent of thousands of discrete semiconductor devices. Measuring 
only 108 x 155 x 44mm, it was the first miniature calculator to have 
the high degree of computational power, found at the time only in much 
Itu-ger machines. 

Other elements of this early example of the miniature calculator 
included a small keyboard with 18 keys and a visual display in the form 
of a semiconductor thermal printer for printing out calculations of up to 
12 decimal digits. 
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Proto- 


Now circuit designing 
is as easy as 
pushing a lead 
into a hole. 


No soldering. 

No de-soldering. 

No heat-spoilt components. 
No manual labour. 

No wasted time. 


With a Proto-Board you can hook 
our circuit together as quickly as you can 
"link. 

And you can have second thoughts, and third 
loughts, equally quick and easy, till you've got the whole thing 
ght. 

Then you can solder up if you want to, but most engineers don t because 
’roto-Board push-fit connectors are highly reliable. 

And everything is visible; come back next week and you 'read' the circuit 
■nmediately. 

No. of 1C Capacity Postage 


:t terminals are arranged in sets of five, each 
v,v^, „ i^v^uCd across the back, and in the Model 203A 
illustrated you get 1770 contacts, in six rows of 59 x 5, 
plus four double power rails, each with 100 contacts 
connected lengthwise and two horizontal power units 
with 40 contacts each. Many other models; see chart. 
Proto-Board breadboards will accept transistors, ICs, 

LSI packages, resistors, capacitors, LEDs, trimmers, 
relays etc.; most plug straight in. 

Try one. You’ll wonder how you ever 
managed without it. 


Number 

Tie-points 

DIP’S) 

Price 

Package 

VAT 

F^ce 

Other features 

PB-6 

630 

6 

£ 9.20 

£1.00 

£0.82 

£11.01 

Kit-10 minute assembly 

PB-100 

760 

10 

11.80 

1.00 

1.02 

13.82 

Kit-with larger capacity 

PB-101 

940 

10 

17.20 

1.25 

1.48 

19.93 

8 distribution buses, higher capacity 

PB-102 

1240 

12 

22.95 

1.25 

1.94 

26.14 

Large capacity, moderate price 

PB-103 

2250 

24 

34.45 

1.50 

2.88 

38.83 

Even larger capacity; only 1.73 pence per tie-point 

PB-104 

3060 

32 

45.95 

1.50 

3.80 

51.25 

Largest capacity; lowest price per tie-point 

PB-203 

2250 

24 

55.15 

1.50 

4.53 

61.18 

Built-in 1%-regulated 5V, lA low ripple power supply 

PB-203A 2250 

24 

74.10 

1.50 

6.10 

82.30 

As above plus separate V2 Amp -f ISV and - 15V internally adjustable r^ulated supplies 


How to order. Telephone 01-890 0782 and.give us your Access, Barclaycard pr American Express number, ani3 your order will be in the post that 
night. Or. write your order, enclosing cheque, postal order, or stating credit card number and expiry date. (Don't post the card!). Alternatively, ask for 
our latest catalogue showing all CSC products for the engineer and the home hobbyist. (Prices are for UK only. For Europe add 10%, outside Europe add 12 V!% 

I to total prices.) CONTtCffAl SPtCIAlTItS COPPORATION 

'continental SPECIALTIES CORPORATION (UK) LTD 
SPUR ROAD NORTH FELTHAM TRADING ESTATE FaTHAM 
MIDDLESEX TWI40TJE TELEPHONE: 01-890 0782 TELEX: SSI 3669. 


REGISTERED IN LONDON 303780 VAT No. 224470 7471 
TRADE MARK APPLIED FOR' CSC (UK) LTD 1977 
_ DEALER ENQUIRIES WELCOME 


























































Th9 Great Debate (2} 

Since my comments last month on VLSI 
and its probable impact on life-style in the 
1980s and beyond, the Government have 
made a few announcements of intended aid 
to microelectronics producers and users. 
The Government's response, such as it is, 
is feeble in terms of financial aid and 
appears uncertain in intent. But can the 
Government be blamed when its input of 
information, not to mention advice, 
from well-meaning sources is itself 
confused and influenced, not by a master- 
plan carefully conceived for Britain, but 
largely by what other countries are doing? 

Of course it is correct and prudent that 
we should keep an eye on what our com¬ 
petitors are doing but the level of govern¬ 
ment aid granted in Japan or France, West 
Germany or the United States is not 
necessarily the yardstick we need to adopt. 
A logical argument is that if VLSI is going to 
be a winner, then there should be plenty of 
private investment to support it without 
state aid. Unhappily there are other factors 
such as national self-sufficiency in the 
equation, and the high-risk element which 
deters private investment. Until some more 
clearly defined policy emerges it is 
reasonable that the few million pounds so 
far tentatively committed should be 
received with grateful thanks and in the 
hope that more is to come. 

I remember ten or more years ago we all 
went through the same painful exercise in 
the early days of the integrated circuit. 
There was endless debate about what 
should be done and in the end the industry 
verdict was "too little and too late". 

Today, we are going through even more 
agony because we have an even greater 
proliferation of official committees, working 
parties, think tanks, and other experts in¬ 
volved, not to mention powerful voices 
from non-experts like the unions and less- 
powerful but nonetheless influential TV and 
radio commentators. 


And so the mistakes of the past are likely 
to be repeated with much talk and little or 
no action and-in a technological situation in 
which hardly a day passes without advance. 
One rumoured plan for Britain is to set up 
and finance a mass-production unit for the 
64K RAM market and site it in a depressed 
area. Even with technical assistance from 
Silicon Valley it is extremely doubtful 
whether production could be obtained in 
meaningful quantity by the time that others 
are working on the 256K RAM, expected to 
be on the market in a big way by 1982. 

As far as MPUs are concerned the 
proposed government aid aimed at en¬ 
couraging their application in new products 
should be well worth while. The MPU is just 
another chunk of silicon, worthless until it 
is programmed to a useful activity. The 
hardware costs are dropping dramatically 
while prograrnming costs are relatively in¬ 
creasing. It will be the ingenuity in 
programming and application that could 
keep Britain ahead in world trade. 

One positive step forward in the Great 
Debate is that the Government has now 
come to recognise that there is an elec¬ 
tronics industry in Britain and, moreover, 
that it is important. And that can't be bad. 

Postal A utomation 

The introduction of, automation in the 
postal services is going at a snail-like pace 
according to a Mr J. Gombinski in a recent 
letter to The Times. Although a little out-of- 
date (being based on information disclosed 
in 1975) his statistics are worth repeating. 

Nine years after the introduction of 
automation, writes Mr Gombinski, only six 
per cent of machinable mail was sorted 
automatically and at the then rate of 
progress it would take 150 years to 
automate entirely. But while the Post Office 
hardly ever uses the postal 'codes he 
calculates that in 1975, given 150,000 
million machinable items a week and allow¬ 
ing only 3 seconds to write in each of the 
unused codes, 750,000 working days were 
lost on a useless exercise in that year alone. 


Talking Computers 

Racal-Milgo could be on to a good thing 
taking on the marketing of W^vetek voice 
response systems in Europe, the Middle 
East and Africa. The system allows you to 
dial up a central computer by ordinary 
telephone, use a low-cost key-pad to enter 
your enquiry and the computer supplies the 
answer, not in data form but in a simulated 
human voice. It is a fast-response system, 
especially useful for verifying whether a 
credit-card customer is in credit and for 
similar routine enquiries. 

The Consumer Market 

If market analysts Frost & Sullivan are 
right in their forecasts, the consumer elec¬ 
tronics market in Western Europe is now 
due for a revival. Predictably the growth 
areas will be in the newer fields of 
videotape recorders, TV information ser¬ 
vices and TV games. Music centres are also 
tipped for big gains by 1985 and, perhaps 


surprisingly, radio receivers will also do 
well. Table-top monochrome TV sets, 
however, will virtually become extinct ex¬ 
cept for the poorest homes in the poorest 
areas. The growth forecast is based on the 
assumption that Western Europe is not yet 
market-saturated in consumer electronics. 

Meanwhile UK suppliers continue to 
have a rough time. Even well-managed 
GEC lost £4 million on TV last year and 
after drastic action to remedy over¬ 
capacity only a break-even situation is 
forecast for this year. 

Encouragement 

The Caroline Haslett Memorial Trust and 
the Institution of Electrical and Electronics 
Technician Engineers are putting up an an¬ 
nual award of £250 for "The Girl Techni¬ 
cian Engineer of the Year". The idea is to 
draw attention to electrical and electronics 
engineering as a worthwhile career for 
young ladies. 

Fibre-Optic TV 

Following long experimental tests of TV 
signal distribution by fibre-optic link in the 
UK by Rediffusion, the first consumer 
household in the world to receive its TV 
signals by fibre-optics is in Arnhem, 
Holland. The local company. Delta Kabel, is 
using the Dial-A-Program system 
developed by Rediffusion and operated by 
Delta Kabel under licence. 

The optical link into the house is about 
800 feet long and is intended to 
demonstrate that the idea is not only 
workable but can be achieved with low- 
cost components. Signal distribution by 
light duct could prove cheaper than copper 
wire and, having a wider bandwidth, will 
accommodate many more TV channels as 
well as stereo radio. 

Satellite News 

Marconi Space and Defence Systems 
has won an order worth £ 12 million for two 
new transportable earth terminals for 
NATO and for updates on a dozen existing 
earth terminals. The contract also includes 
the supply of the same updating equipment 
for five terminals being built in the USA by 
Ford Aerospace. 

Racal Electronics Group, better known 
for manpack military radios and h.f. 
receivers and transmitters, has broken 
through into mobile satellite ground ter¬ 
minals with a substantial order from the 
Ministry of Defence. The Racal.design is a 
small terminal which can be accom¬ 
modated in light field vehicles such as the 
Land Rover. 

Transatlantic communications, shared 
amicably over the past few years by com¬ 
plementary submarine cables and Intelsat 
satellites, is now the subject of dispute. In¬ 
telsat want a larger share of the traffic and 
the FCC is objecting to further cables, such 
as TAT-7, which would increase cable 
capacity. Europe wants the new cable. So 
does the US Defence Department who see 
the transatlantic cable as a necessary back¬ 
up should the satellites be blown out of the 
sky by possible enemy action. 
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MICRD-BIIR 

I Compiled by DJD. 

Appearing every two months, Micro-Bus will present ideas, applications, and programs for the most 
popular microprocessors; ones that you are unlikely to find in the manufacturers’ data books. The most 
original ideas will probably come from readers working on their own microcomputer systems, and 
payment will be mad^ for any contribution featured here. This is also the place to air your views, in 
general, on this new technology, so let’s be hearing from you! 


The three topics in this month’s Micro-Bus 

are all concerned with minimization in 
some way or other, with a supremely simple 
cassette interface system, some improvements 
to the number-sorting routines given in April’s 
Micro-Bus, and a diminutive program for 
finding prime numbers. 

MINIMAL CASSETTE INTERFACE 

The cassette interface system to be 
described was received from Nick Toop of 
Cambridge, and it overcomes one of the main 
drawbacks of the lower-cost microprocessor 
kits currently available; namely that they 
provide no way of permanently saving 
programs. The system described makes it 
possible to store and load programs and data 
using a standard domestic cassette or tape 
recorder, and although it is primarily designed 
for SC/MP, it should be possible to develop a 
similar system for use with any other 
microprocessor. 

“The cassette interface and programs were 
originally designed for use with a SC/MP In- 
trokit with the Keyboard Kit, but they are 
currently being successfully used with a 
Science of Cambridge Mkl4. The main objec¬ 
tive in developing the system was to make the 
load-from-tape program as short as possible 
since this would have to be entered at the 
keyboard on powering up each time. 

“On the other hand the length of the store- 
to-tape program is not so important since this 
can be loaded from tape each time it is needed. 


and so on this side the hardware was made as 
simple as possible. The programs were written 
to be relocatable so they can be fitted 
anywhere in memory without modification.” 

RECORDING FORMAT 

“Data is coded as a series of IkHz tone 
bursts; a zero bit is represented as a 4ms burst 
followed by a 28ms gap, and a one bit is coded 
as a 16ms burst'followed by a 16ms gap. The 
bytes are transmitted low-order bit first, 
and there is no extra gap between 
successive bytes. To load from tape the start 
address is first entered at OFF9 (high-order 
byte) and OFFA 0ow-order byte) so that the 
monitor will put the address in PI on entering 
the program. 

“In systems without a monitor some in¬ 
structions will have to be added at the start of 
the program to set up PI correctly. The tape is 
played until the blank interval in front of the 
data is reached, and then the LOAD program 
is executed. The tone bursts from the tape are 
processed by the circuit of Fig. 1 which uses a 
single 4001 (or 4011) CMOS gate package 
with the four gates wired as inverters. 

“The first inverter is biased into its linear 
region to act as a simple amplifier, and two 
more inverters form a demodulator which 
gives at its output the squared-up envelope of 
the pulse bursts. This is fed to the SENSE-B 
and SERIAL-IN inputs of the SC/MP 
microprocessor, and to an indicator l.e.d. 
which flashes to indicate correct operation and 


helps in setting up the best level at the input 
potentiometer.” 

LOAD PROGRAM 

“The LOAD program in Fig. 3 operates as 
follows. It first waits in a loop for an input at 
SENSE-B. On receipt of an input it delays for 
14msec. and then shifts whatever is present at 
SERIAL-IN into the extension register using 
the SIO instruction; this will be a 0 if the pulse 
was short and a 1 if the pulse was long. The 
program delays for a further Idmsec. and then 
returns to the previous loop. 

“When eight bits have been shifted into the 
extension register the byte just formed is 
stored to the location pointed to by PI using 
auto-increment addressing so that PI is then 
pointed to the next address. When the in¬ 
dicator l.e.d has stopped flashing the reset but- ' 
ton on the microprocessor should be pressed 
to escape from the program, and loading is 
complete. 

“Since the load program allows you to 
specify any arbitrary starting address for the 
data being loaded, the cassette system also 
serves as a means of relocating programs in 
memory.” 

STORE PROGRAM 

“To store to tape the start address is put at 
OFF9 (high-order byte) and OFFA Oow-order 
byte), and the number of bytes to be stored is 
put, in hex, at OFFB; the address and length 



Fig. 1. Nick Toop’c load-from-^apc circuit, • demodulator using a aingla 
CMOS packaga 
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are loaded into PI and P2H respectively by 
the monitor program. The maximum len^ is 
256 bytes, represented as X'OO. 

“The STORE program of Fig. 4 codes the 
data into a sequence of tone bursts at the 
FLAG-0 and FLAG-1 outputs on the SC/MP 
chip. FLAG-1 is set high between bursts so 
that when the two outputs are combined at the 
input of the tape-recorder using the simple 
adder circuit of Fig. 2 the gap between pulses 
is at a mean level; this avoids sharp transients 
due to the pulse onsets which would make an 
automatic volume control adopt an unduly 
low sensitivity. 

“The program generates either four pulses 
for a zero or 16 pulses for a one, using the 



Fifl. 3. LOAD program for SC/MP 
which loada data into nwmory from 
a tape uaing tha format daacribad in 
tha text 



Fig. 6. Andrew Yaomana' improvad 
varakm of tha M6800 aort routina 


location PULSES as a counter; the pulses are 
followed by the appropriate trailing space, 
namely 28ms for a zero and 16ms for a one. 
Eight such bursts of pulses encode each byte 
of data. 

“As you can see, the recording format is 
extremely simple, and this helps to make the 
software short and the hardware cheap. 
Nevertheless the system has proven extremely 
reliable even with a low-cost cassette recorder, 
and it is amply fast for most purposes, loading 
or storing 256 bytes in under a minute.” 

BETTER SORTS 

In the .April Micro-Bus number sorting 
routines were given for four different micros 


together with the claim that they were believed 
to be the shortest programs possible. It now 
seems that this was a dangerous claim to 
make, and thanks are extended to all the 
readers, too numerous to mention, who sent in 
improvements. 

The sort routines all used the exchange-sort 
method to otder an array of up to 256 num¬ 
bers, and the condition was made that the ad¬ 
dress and length of the array should be passed 
down to the routine in suitable registers. The 
routine for the Z80, which was taken from the 
Z80-CPU Technical Manual, received the 
greatest hammering and the shortest version, 
sent in by Eric Baddiley of Cheshire, reduces 
the number of program bytes from 38 to 23! 



Fig. 4. STORE program for SC/MP 
which oncodos liata from mamory 
as a aariaa of tontM burats 


The new version, shown in Fig. 5, has the 
added advantage that it is relocatable because 
it makes no use of external store to hold data. 
A similar version was received from D. 
Ritchie of Essex University. 

The shortest sort routine for the M6800 
was submitted by Andrew Yeomans of Surrey, 
and this is shown in Fig. 6. It reduces the size 
of the program from 41 to 33 bytes by making 
use of the stack to store temporary variables. 

Michael Blamffbrd of Dorset pointed out 
that the sorts can be speeded up by 
decrementing the length of the block to be 
scanned after each pass; after one pass of the 
array the last element must be in its correct 
position, and after 20 passes the last 20 ele¬ 
ments must be in order at the end, so it is un¬ 


necessary to test them. This improvement can 
be incorporated in the program of Fig. 5 with 
no increase in size simply by changing the 
instruction at 0014 to “JR NZ, SORT-$”, and 
in the program of Fig. 5 by changing the posi¬ 
tion of the label AGAIN to the instruction 
“DEC A” in the previous line. 


PRIME PROGRAM 

Although the prime numbers are simple to 
define—they are numbers whose only divisors 
are 1 and the number itself—no explicit for¬ 
mula exists for generating them, and efficient 
programs to search for particular primes can 
be extremely complex. Note that 1 is not con- 



Fig. B. Eric BatMlIcy's improved aort 
roudiw for tho Z80 micro 



Fig. 7. Program for tha MCS8B02 
which finds tha nth prime number 
given n 


sidered to be a prime, so the first eight primes 
are 2, 3, 5, 7, 11, 13, 17 and 19. Consider the 
task of writing a routine to fmd the n’th prime 
where n is passed down in a suitable register. 

, A surprisin^y short program wUl achieve 
this if efficiency is not important, and Fig. 7 
shows one for the MCS6502 which will find 
all the primes up to 251, the 54th prime. The 
number of the prime required is supplied in the 
X register and the prime is returned in the Y 
register. By altering the program to use 
double-byte variables it could easily be exten¬ 
ded to find primes up to 65535. As it stands it 
is hard to see that the program could be shor¬ 
tened, but readers who find improvements are 
encouraged to send them in and some may be 
presented in a future issue. 
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Copies of Patents can be obtained from : 

the Patent Office Sales, St. Mary Cray, Orpington, Kent Price 95p each 




IMPROVING "MUSICALITY" 


In the hi-fi world there is currently con¬ 
siderable controversy over the "musicality" 
of amplifiers, that is to say the possibility 
that two amplifiers which measure the 
same on even the most sophisticated test 
equipment currently available may sound 
different when reproducing music. In 
BP 1 499 939 Tokyo Shibaura Electric 
Company Limited of Japan patented an 
amplification circuit that is claimed to give 
improved results, through a particular con¬ 
nection of capacitors, but with the admis¬ 
sion by the inventor that it is unclear why 
the improvement is achieved. 

Essentially the claim is that the connec¬ 
tion of extra nonpolar capacitors parallel 
with the electrolytics "can effectively im¬ 
prove the fidelity of reproduction", although 
the reason why "is not theoretically clear". 


The audio amplifier of Fig. 1 is based on 
FETS 12, 13 in a complementary pair. Elec-' 
trolytic capacitors 20, 21 are used as filters 
for the d.c. source and also for decoupling. 
The capacitors are formed of an aluminium 
film and are of high value e.g. 5,000 to 
20,000nF. To capacitor 20 is connected in 
parallel a pair of nonpolar capacitors 22, 23 
and to capacitor 21 is likewise connected a 
pair of nonpolar capacitors 24, 25. The 
capacitors 22, 23, 24, 25 are each chosen 
to have a capacity which is sufficiently low 
to leave the capacity of the electrolytics 20, 
21 largely unaffected but sufficiently large 
to allow a substantial proportion of the 
audio frequency range to pass through 

Capacitors 22, 24 are of metallized paper 
in the value range 10 to lOOpF and the 


capacitors 23, 25 are of Mylar film type and 
similar value. 

According to the inventor, "nothing is 
known about what effect is exerted on 
sound signals by the non-linearity of the in¬ 
ner loss of the capacitors relative to audio 
frequency" but he believes' that eiectroiytics 
as used in audio amplifiers are non-linear in 
this respect. 

He also believes that the connection of 
various given types of nonpolar capacitor in 
parallel with the electrolytics causes the 
collective inner loss-frequency charac¬ 
teristics of all the capacitors to be linear 
over the audio range. The number of non¬ 
polar capacitors is not limited to two, and 
three or more may be used as necessary to 
provide linearity. 





Fig. 4 
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EMI Ltd. in BP 1 497 394 describe an in¬ 
teresting approach to the eradication of low 
frequency noise or rumble from recorded or 
transmitted signals. The invention makes 
use of the fact that little or no directional in¬ 
formation is derived from low frequency 
signals. EMI put the dividing line between 
high and low frequencies at 200Hz and 
although it is arguable that this figure is too 
high (i.e. that frequencies below 200Hz can 
carry directional information) this argument 
does not effect the basic theory of the in¬ 
vention. 

As shown in Fig. 1 the recording or 
transmission system is fed with left and 
right channel signals L and R, each com¬ 
posed of high and low frequencies. Thus 
L=Lh+L| and R = Rh + R|. The signals in 
the left channel (Lh + L,) frequency 
modulate a carrier frequency, eg. at 
300kHz, in modulator 3. The signals in the 
right channel are inverted at 4 and the in¬ 
verted signals {— R^ — R,) frequency 
modulate at 5 a carrier of the same (or dif¬ 
ferent) frequency. The frequency modulated 
signals are recorded at 6, which may be an 
f.m. tape recorder or disc. 

The reproduction circuit is shown in Fig. 
2. The f.m. signal is first demodulated at 8, 
9. The demodulated signals will Inevitably 
now contain some unwanted low frequency 
noise which is represented by r. Because 
the two recorded channels have been 
derived from the same tape track, or record 
groove, the rumble components are vir¬ 
tually identical in magnitude and phase. 
Thus the signals in the left channel are, af¬ 
ter demodulation, (Lh+L| + r) and the 
signals in the right channel are 
(—R^—Ri + r). The right channel signals are 
now inverted to produce (R^ + R| — r) so that 
the rumble components r in the two chan¬ 
nels are now in exact anti-phase. They can 
thus easily be removed by the matrixing cir¬ 
cuit 11. The final output is thus free from all 
the, low frequency noise introduced by the 
process. 


RUMBLE ERADICATION 




An idea for a meter which automatically 
changes scale to avoid under and overload 
and provide the most accurate read out 
available, is patented by Lawrence Large of 
Sussex in BP 1 507 466. Although the idea 
is simple it could well prove valuable. 

As shown the meter scale 1 has a per¬ 
foration 2 at the "higher" end. A photoelec¬ 
tric cell 7 lies underneath this perforation 
and normally receives light from source 8. 
The meter pointer carries a blanking plate 3 
which is dimensioned to obscure the per¬ 
foration 2 as soon as the pointer is driven 
towards the dial stops. In this way light to 
the photo cell is blocked and this change of 
state is sensed to switch the meter scale to 
the next higher range. 

A similar approach can be adopted at the 
low end of the scale with obstruction of 
another light path sensed to switch the 
meter down to a more sensitive scale. If 
successfully adopted such a system could 
prevent overload of a dial meter while at 
the same time optimising accuracy by 
selecting always the most sensitive, but 
safe, scale for the reading in hand. 


RANGE CHANGING 
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■em Briefs 



DISC FULL OF HOLES 

M any developments have been made over the last few years on 
various picture recording and playback systems for television. In 
1968, THOMsON-CSF considered that one of the best ways to solve 
this significant problem and offer new applications, was an optically 
scanned videodisc system. The disc is recorded as a continuous spiral 
track. This track consists of a succession of 0-6nm (approx.) wide 
micro-holes whose length and spacing varies in terms of modulation. 
The pitch between the spirals is about l-6pm. Upon reading, the light 
beam originating from a low power laser focused onto the spinning disc 
through a large aperture lens is modulated when passing through the 
holes (variable diffraction). A set of photo-electric sensors located un¬ 
derneath the transparent disc collects this modulation and changes it 
into ^ an electric signal. After demodulation, the resulting signal 
reproduces the recorded video signal. 

Each revolution of the disc corresponds exactly to one television 
frame which permits indefinite freeze-framing (videotape can only be 
held for two seconds) and, providing more than SO copies are produced 
from any one master, discs are cheaper than tapes. In addition, there is 
speedy random access to any of the 45,000 frames on each disc (taking 
about two seconds from selection to presentation), and the disc can be 
played forwards or backwards at normal, fast or slow speeds without 
any wear. The recording is made, initially, on a polished glass disc 
covered with a 0-1 Sum-thick photo resist coating, the information be¬ 
ing recorded on this photoresist by a modulated laser. The final, flexible 
PVC videodiscs, stamped by an electroformed die, give approximately 
30 minutes continuous play, or access to 45,0(X) individual still pictures 
in full colour. 


readout 


... a selection from our postbag 

Readers requiring a repiy to any letter must include a stamped addressed envelope. 

Opinions expressed in Readout are not necessarily endorsed by the publishers of Practical Electronics. 


Cheaper Ports 

Sir—I wonder if I might, albeit somewhat 
belatedly, comment on the Semiconductor 
Update of the July ’78 issue. The method 
suggested of obtaining eight 8-bit ports using 
eight 74251s is of course valid, but is rather 
expensive, as according to one advertiser these 
will cost a total of £12-(X). A way of saving 
around a ‘fiver’ with no loss of elegance is to 
use 10 chips as follows; 

8 X 74151 exactly as described £6-48 

2 X 4016 transmission gates £1 -08 

£7-56 
saving £4-44 

All prices stated are from the same advertiser. 

The two 4016s are connected between the 
outputs of the 741Sls and the data bus and 
their eight control lines are connected to 
wherever the selects of the 74251 would have 
been connected. 

A further advantage, over and above that of 
pure cost saving, is that, if a mishap should 
occur, and the databus drivers and the port 
controller should disagree as to who has the 
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bus, it is likely that it would be possible to get 
away with replacing £1-08 worth of CMOS 
rather than £12-00 worth of 7425 Is. 

J. McCarthy, 
Dulwich, London. 

Well-er! 

Sir—I read with interest Mr D. J. Bradbury’s 
article in the August issue concerning Weller 
soldering irons. A few months ago I was faced 
with the same problem, namely running a 24V 
iron from a 12V source. My solution is, I' 
think, far more elegant. It does away with Dl, 
D2, D3, TRl, Rl, Cl and C2 in Mr Brad¬ 
bury’s project. In fact the only component 
necessary is a 12V element part number 
HE60 (12) for the TCPl or part number HE2 
(12) for the TCP2 iron. You must surely agree 
that the best circuit is always the simplest one! 

N. Goltfring, 
Reading. 

fVe agree that the best circuit is the 
simplest—provided it does not have any draw¬ 
backs! The Weller element costs £4 -80 and It 
is necessary to solder it in, so you must either 
purchase a complete 12V iron (at greater ex¬ 


pense) or change the element every time — 
could be difficult if you only have the one iron! 

Seriously though, we were not aware that 
I2V elements were available—nor was our 
contributor, who works for a large British 
equipment and component manufacturer! 
However, our unit can be built for approx¬ 
imately the same price as the element and is 
very much more convenient to use. 


No oh! 

Sir—A slip of the pen seems to have gone into 
print in Walter Hediger’s neat little pH meter 
(August issue). 

The scale is of course logarithmic in con¬ 
cept and so “0” should not appear on it. This 
may seem a small point but since all log. based 
scales can be divided ad infinitum it is a pity to 
spoil the effect by an error of principle. 

Far better on log. scales to have a small 
space then start with “1”. In the case of pH a 
value of “0” would imply some “absolute 
acid’’ capable of dissolving anything— 
including the meter probe. 

R. E. Hurst, 
Blackpool. 
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LOOK! Here’s how you 
master electronics 


the practical way 



This new style course will enable anyone to 
have a real understanding of electronics by a 
modern, practical and visual method. No 
previous knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in easy steps 
mastering all the essentials of your hobby or to 
further your career in electronics or as a self- 
employed electronics engineer. 

All the training can be carried out in the 
comfort of your own home,and at your own 
pace. A tutor is available to whom you can 
write, at any time, for advice or help during 
your work. A Certificate is given at the end of 
every course. 




1 Build Un 
oscilloscope 

As the first stage of your training, you 
actually build your own Cathode ray 
oscilloscope! This is no toy, but a test 
instrument that you will need not only 
tor the course's practical experiments, b 
also later if you decide to develop your 
knowledge and enter the profession. It 
remains your property and represents a 
very large saving over buying a similar 
piece of essential equipment. 


2 Read, draw and 
understand 
circuit diagrams 

read and draw circuit diagrams, under¬ 
stand the very fundamentals of television, 
radio, computers and countless other 
electronic devices and their servicing 
procedures. 


3 Carry out over 
40 experiments 
on basic circuits 

We show you how to conduct 
experiments on a wide variety of different 
circuits and turn the information gained 
into a working knowledge of testing, 
servicing and maintaining all types of 
electronic equipr^ent. radio, t.v. etc. 




All students enrolling in our courses receive 
a free circuit board originating from a 
computer and containing many different 
components that can be used in experiments 
and provide an excellent example of current 
electronic practice. 


To find out more about how to learn electronics in a new, exciting and absorbing way, just 
clip the coupon for a free colour brochure and full details of enrolment. 

British National Radio & Electronic School 

P.O. Box 156, Jersey, Channel Islands. 

NAME ... 

ADDRESS . 
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CANON 


COMPONENTS 


OFFER A FANTASTIC RANGE AT VERY 
COMPETITIVE PRICES including ... 


• R.F. 

• DIGITAL 

• TRANSISTORS 

• LINEAR I.C.’s 

• DISPLAYS 

• LED’s 

• RESISTORS 

• CAPACITORS 

• HARDWARE 

• CHASSIS 

• BOXES 

• S-DEC 

• T-DEC 

• TRANSFORMERS 


• SPEAKERS 

• CABINETS 

• AMPLIFIERS 

• MICROPHONES 

• MIXERS 

• HEADPHONES 

• TURNTABLES 

• LIGHT MODULATORS 

• LIGHT BOXES 

• SPOTS 

• BULBS 

• JINGLE MACHINES 

• PACKS 

• TWEETERS 


• LEADS 

• PLUGS 

• JACKS 

• POWER SUPPLIES 

• METERS 

• SURPLUS ITEMS 

• TAPES 

• RADIO’S 

• CALCULATORS 

• TEST EQUIPMENT 

• KITS 

• VERO BOARD 

• SOLDERING IRONS 

• SOLDER 


PHONE OR SEND S.A.E. FOR LISTS accessor^barcl^ca^ 


322-324 WHITEHORSE ROAD CROYDON 


SURREY CRO 2LF 


I OPEN DAILY 9.30 A.M.-6 P.M. TEL 01-684 9872 | 


WORLD 
RADIO TV 
HANDBOOK 1978 


A PRACTICAL INTRO. TO ELECTRONIC 
CIRCUITS by M.H. Jones Price: £4.60 

THE TTL DATA BOOK FOR DESIGN 
ENGINEERS by Texas Price: £5.65 

THE OSCILLOSCOPE IN USE 
by I. R. Sinclair 


VIDEOTAPE RECORDING 

byJ. F 


Price: £2.75 
THE HOME 
Price: £2.55 

Price; £7.60 


..OP-AMP COOKBOOK 
by W. G. Jung Price: £10.00 

LINEAR INTEGRATED CIRCUIT APPLICA¬ 
TIONS by G. B. Clayton Price: £5.30 

FOUNDATIONS OF WIRELESS & ELEC¬ 
TRONICS by M. G. Scroggie Price; £4.40 

BEGINNER'S GUIDE TO ELECTRONICS 
by T. L Squires Price; £2.55 

THE RADIO AMATEUR S HANDBOOK 197B 
byAR.R.L. Price: £7.60 

• PRICES INCLUDE POSTAGE • 


THE MODERN BOOK CO. 

BRITAIN'S LARGEST STOCKIST 
of British anri American Technical Books 

19-21 PRAED STREET 
LONDON W2 INP 

Rhone 01-723 4IB5 
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FRONT PANEL FOR LIGHTING 
EFFECT MODULES 

(complete with switches, neons and knobs) 


Vacuum varnish impregnated. Transformers 
with supply board incorporating pre-amp supply: 

PS250 for supplying 2 TP125s £30.00 

PS200 for supplying to TL100s £30.00 

PS60/60 for supplying 2 TL60S £30.00 

PS125±45voltsforTP125 £18.50 

PS100±43voltsforTL100 £17.00 

PS60 ± 38 volts for TL60 £15.50 

PS30± 25 volts for TL30 £11.75 

PSU 2 for supplying disco mixer £7.50 


ADD SEQUENCE CHASING + 
DIMMING EFFECTS FOR 
TUAC 3 CHANNEL LIGHT 
MODULATOR 
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COMPONENTS - Now over 1,000 types in stock. 
KITS- See the new range of low-cost' E LE K ITS'. 
MODULES - New ready-built functions. 

SERVICE - 1st Class same day despatch. 

QUALITY - All guaranteed products. 

PRICES - Many reductions! 

MAGAZINE PROJECTS - Trouble-free I 

ACEMAILTRQNIXITD 
Oipi^ TooUlSiraet 
maeU.VI.MsHn WFISJR 
^ 6ur2nd 


laania® 


ElEKITir 

Easy build introduc¬ 
tion to electronics. 
Many hours of enjoy- 


NOW AVAILABLE! 


The new range of easy build kits com- W 
pletewith simple to follow instructions’ 
Battery powered (not supplied). With case. 
BURGLAR ALARM ^ROULETTE 
BICYCLE SOUND FLASHER 
WATER LEVEL ALARM <)(SIREN 
^BLINKER ^TIME SWITCH 

Many others in preparation - included 
in full ACE catalogue - send S.A.E. for 
free brochure of kit range. 



enclose 30p*, please send catalogue. 


Refundable with future orders over £5.(X). 
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15 

HY5 

Preamplifier 


HY30 

15W into 80 


-240 WATTS! 



HY50 

25W into 80 



HY120 

60W into 80 

HY200 

120W into 80 




Price E27-99 + E2 24 VAT. P. & P. free 


HY400 

240W into 40 


The HY400 is I.L.P s Big Daddy of the range producing 240W into 40' It has been 
designed for high power disco or public address applications. If the amplifier is to 
be used at continuous high power levels a cooling fan is recommended. The amplifier 
includes all the qualities of the rest of the family to lead the market as a true high 
power hi>fidelity power module. 

APPLI<rA-nONS;7ub*c^addres8'^d^^^ components 

SPECIFICATION: Output Power—240W R M S. into 40 Load Impedance—4-160 Distortion—0 1% 


«. PSUSO—suitable f 


tfO HY50S £8-18 + £102 


VO HY2008 or one HY400 £2542 + £2 03 


Free post packing applicable to U.K. only. 



TWO YEARS’ GUARANTEE ON ALL OUR PRODUCTS 


I.L.P. Electronics Ltd. 
Crossland House, 
Nackington, Canterbury 
Kent CT4 7AD 

Tel (0227) 63218 


Please supply . 

Total Purchase price. 

I Enclose: Cheque □ Postal Orders □ Money Order □ 
Please debit my Access account □ Barclaycard account □ 

Account number. 

Name and Address. 


1107 






















10 + 10 STEREO AMPLIFIER KIT 



Sv?iZ7HC 

?2-'^ooS;; '|np;,ir“b.H.f':s »^vr,s^ 'er?“ a».® 




10/14WATT HI-FI AMPLIFIER KIT 

»“ or Mifd 25p p’s? l.rg.VA e" ” ^ ^ ^ 

AIM. ...,I.P,. r..d;“,il,S:'';i?o‘".rj?''S,.« P A P t1 50 


sssssliis 

horizomAlly or vorlically) al only C9 M - 50p P. & P Mams 


ss^Esr-jwir''--” 

Tp-p" -r-’p" r; 




?rrA^'^5%,lrji7 HARVERSON surplus CO. ltd. (Please^nteceany, 

SSESIH"""' II^FpHS; 


































































Understanding Digital Electronics 


New teach-yourself courses 



Systems is 


the engineer seeking to learn 

__ _; volumes - each A4 size are 

packed with information, diagrams and questions designed to lead you 
step-by-step through number systems and Boolean algebra to 
memories, counters and simple arithmetic circuits, and finally to a 
complete understanding of the design and operation of calculators and 
computers. 

The contents ot Design of Digital Systems include; 

Book 1 Octal, hexadecimal and binary number systems; conversion 
between number systems; representation pf negative numbers; com¬ 
plementary systems; binary multiplication and division. 

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, 
NAND. NOR and exclusive-NOR functions; multiple input gates; truth 
tables; De Morgans Laws; canonical forms; logic conventions; Kar¬ 
naugh mapping; three-state and wired logic. 

Book 3 Half adders and full adders; subtracters; serial and parallel 
adders; processors and artithmetic logic units (ALUs); multiplication 
and division systems. 

Book 4 Flip flops; shift registers; asynchronous and sychronous 
counters; ring, Johnson and exclusive-OR feedback counters; ran¬ 
dom access memories (RAMs) and read only memories (ROMs). 

Book 5 Structure of calculators; keyboard encoding; decoding display 
data; register systems; control unit; program ROM; address decoding; 
instruction sets; instruction decoding; control program structure. 

Book 6 Central processing unit (CPU); memory organization; character 
representation; program storage; address modes; input/output 
systems; program interrupts; interrupt priorities; programming; assem¬ 
blers; computers; executive programs; operating systems and time 
sharing. 


In the years ahead the products of digital electronics technology will 
play an important part in your life. Calculators and digital watches are 
already commonplace. Tomorrow a digital display could show vour 
vehicle speed and fuel consumption; you could be calling people 
by entering their name into a telephone which would automatically 
look up their number and dial it for you. 

These courses were written by experts in electronics and learning 
systems so that you could teach yourself the theory and application of 
digital logic. Learning by self-instruction has the advantages ot being 
faster and more thorough than classroom learning. You work at your 
own pace and must respond by answering questions on each new 
piece of information before proceeding. 

After completing these courses you will have broadened your 
career prospects and increased your fundamental understanding of 
the rapidly changing technological world around you. 

The six volumes of Design of CQ 1 A 

Digital Systems cost only: +90p post & packing 

And the four volumes of r* n 

gSSTfSr”" £4.60 

But if you buy both courses, CIO 

the total cost is only: ' ^ -t^£l post & packing 

Price includes surface mail anywhere in the world: Airmail extra. 


Flow Charts & Algorithms 

HELP YOU PRESENT; 

safety procedures, government legislation, office proce¬ 
dures, teaching materials and computer programs by 
means of YES and NO answers to questions. 

THE ALGORITHM WRITER’S GUIDE explains how 
to: define the questions, put them in the best order and 
draw the flow chart, with numerous examples shown. All 
that students require is an aptitude for logical thought. 
Size: A.'j, 130 pages. This book is a MUST for those with 
things to say. 

CQ QC + 45p post and packing by surface mail anywhere 
in the world. Airmail extra. 


GUARANTEE 

If you are not entirely satisfied your money will be refunded. 



Dieital Computer Logic and El^tronics is designed for the beginner. 
No mathematical knowledge other than simple arithmetic is assumed, 
though the student should have an aptitude for logical thought. It con¬ 
sists of four volumes - each A4 size - and serves as an introduction 
to the subject of digital electronics. Everyone can learn from it - 
designer, execxutive, scientist, student, engineer. 

Contents include: Binary, octal and decimal number systems: con 
version between number systems; AND, OR, NOR and NAND gates 
and inverters; Boolean algebra and truth tables; De Morgans Laws; 
design of logic circuits using NOR gates; R-S and J-K flip flops; binary 
counters, shift registers and half adders. 


Cambridge Learning Enterprises, Unit 21, Rivermill Site, 

FREEPOST, St. Ives, Huntingdon, Cambs. PE17 4BR, England. 

Please send me the following books: 

.sets Digital Computer Logic & Electronics @ £5.50, p & p 

included 

.sets Design of Digital Systems @ £9.00, p & p included 

.Combined sets @ £13.00, p & p included 

.The Algorithm Writer's guide @ £3.40, p & p included 


I enclose a ’cheque/PO payable to Camorioge Learning Enterprises 
for£.. 

Please charge my *Access/Barclaycard/Visa/Eurocard/Mastercharge/ 


___JES. Unrt 21, Rivennai Site, FREEPDST, ST. IVES, 

HUNTINGDON. CAMBS. PE17 4BR,’ENGLAND. TREPHONE ST. IVES (04S0) 67446. 
PROPRIETORS: DRAYRIDGE LTD. REG. OFFICE; RIVERMILL LODGE, ST. IVES. 
Giro Ac. No. 278 9159. REGO. IN ENGLAND NO. 1328762 


Signature..."“delete as appropriate. 

Telephone orders from credit card holders accepted on 0480-67446 
(Ansafone). Overseas customers should send a bank draft in sterling drawn 
on a London Bank, or quote credit card number. PE 21 
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AT LESS THAN 
HALF THE 
RECOMMENDED 
RETAIL PRICE 


Due to a successful bulk purchase, we are happy 
to offer this really top quality receiverfrom one of | 
Japan's leading manufacturers at less than sja 

half price. 15 watts per channel. FM/ MW/LW. 1.: 
12 MONTHS GUARANTEE. Recommended 
Retail Price £144. OUR PRICE 
(Securicor delivery £3.50) 


Available to personal 
shoppers only, the 
Goldring belt drive 
turntable comes 
complete with high 
? qpality attractive 
I plinth and cover- 
I 12 MONTHS 
GUARANTEE. 


Complete with arm, template and easy-to-follow instructions. 
Ready for operation in a short time. 

Wow.'Flutter 0.15% peak 
Rumble-60 dB weighted. 

Removable headshelll 
Viscous damped cueing device. 

Easily adjusted tracking force and bias 
setting. 

Two-speed, 16-pole synchronous motor 
Dimensions: 37.8 x 28.3 cms. 

(Plinth, cover and cartridge available, 
prices on application.) 

R.R.P. £31.50 

LION HOUSE PRICE 2«Ay7*^ 

Postage and Packing £2. 


Features include Dolby 
noise reduction system, 

Autochrome, Input/ 

Output Level Control, 

Peak Indicator, Auto- 
Ferrox Heads, 

Hinged Dust Cover- 
MORE FEATURES FOR 
LESS MONEY- 
12 MONTHS GUARANTEE- 

A beautifully compact machine of highest quality. Another successful 
bulk purchase from Lion House at ONLY QC 1®“.“'“" 

(Recommended Retail Price £114.) tasoi” 


TODAY’S VALUE £45 

USE PRICE £25 


MANY MORE EXCITING 
BARGAINS ARE AVAILABLE 
AT LION HOUSE-BRITAIN’S 
Hl-R SUPERSTORE WITH THE 
SUPERB DEMONSTRATION 
_ FACILITIES. _ 


Highiy precise crossi t 

to component speakers, gives accurate 
separation of audio spectrum and stable 
frequence response. 

Specially designed cabinets made of high 
density chipboard with wood-welded 
joints and individually tested. Finished in th 


crafted and oiltinished by hand to a 
distinctive lustre. 

We are the sole agents and offer them 
direct to you at only £79'9S per pai 
(Securicor delivery £3.50) 


50-25,000 Ha 
1.5-3 watt 
35 watt 


WARRANTY 

Every RAMKO loudspeaker model is 
guaranteed for a period of five years. 


[. Fidelity. Goldring. Goodman 


lu-Filrraww 


Fight inflation with these super Hi-Fi offers. Compare these 
prices with the recommended retail prices and you will see 
that you can save £££££-and what is more, you will be 
purchasing quality equipment-that is why we are happy to 
give these amazing guarantees. 


I The MATSITFS60 Tuner/Amplifier 


TREMENDOUS SAVINGS 
FOR THE HOME ENTHUMST 

GOLDRING CK2 BELT-DRIVE 
TURNTABLE CONSTRUCTION 
KIT 


SANKYO STD-1610 STEREO 
CASSEnE 


Televisions, Radios, Tape Recorders, 
Music Centres, Cassette Recorders, 
Earphones, Quality Audio and Video 
Equipment, Hi-Fi Accessories, Export 
Televisions, In-Car Equipment, 
Watches, Binoculars, Cameras, 
Calculators, etc and an entire floor 
devoted to Musical Instruments - 
all at keen prices! 


RAMKO GULLIVER SPEAKERS 


GIANT PERFORMERS OF 
DWARF-LIKE DIMENSIONS 



























GODDARD’S COMPONENTS 

111 nON HOAD. ST.AieMS.IEIIIS.lL1 INK 


MAIL 

ORDER 

DEPT. 


Callers Welcome MON-SAT: 9.30-5.30 
THURS: Closed all day 
Lunch: MON-FRI: 1.30-2.30, SAT: 1.00-2.00 


STEREO 


CASSETTE RECORDER DECK 



£25.75 + £1.25p&p 


HIT-BOX: 


)E ENQUIRIES WELCOMEI 


p. £1.00 for3p&p 


DIGITAL CLOCK 


LCD WATCHES 



LADIES S/S C652 



No. height; 19mm 
Date height: lOmr 
Weight: 270gm 

ALL WATCHES 5 FUNCTION ... 1 YEAR GUARANTEE 
P&P 50p per watch, Inc. Insurance 

e can also supply components for ELECTRONIC SOUND MONITOR* P.E. Sept. 1978 »ALL PRICES INCLUDE VAT 


£4.95 + 50p P&P 



noMm~^ 

SEETHE 

RANGE OF BOOKS IN THE NEW 
DORAM 
CATALOGUE. 


Address. 


Doram 

m I POBoxTR8.LeedsLS12 2UF 

I Overseas customers (except for N. Ireland)-60p 

^ including despatch by Air (or all-up post). 
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U.K. RETURN OF POST MAIL ORDER SERVICE also WORLDWIDE EXPORT SERVICE 
MONO PRE-AMPLIFIER robust black plastic box 



£18-50 P„,t50p 



CABINlrtixtraM. ® KIT=£17!‘oO 

E.M.I. 13i X Sin . . "X * 

GOODMANS CONE TWEETER 

^O^TRoSA^V^CSrST e", 




e liFiSfs 



RADIO COMPONENT SPECIALISTS 337 


WHITEHORSE ROAD, CROYDON, U.K. Tel, 01-684 1665 























































GREEIMWELD 

^<^3 Millbrook Road Southampton 

BUY A COMPLETE 


COMPONENTS ANO 

issssssi 

THESE PACKS WILL 

f.svrsr.s 

HELP YOU 





lilpi'illiS 

MISCELLANEOUS IC's 




.giUS"® 

imMMm 



rlfplib 

18 w".v 41p'r32 way 72p: 40 way 90p. 


ni/HS electronics 

56 FORTIS GREEN ROAD, MUSWELL HILL. N10 3HN 
TELEPHONE: 01-883 3705 


LATEST 

CATALOGUE 

CONTAINS FREE 
45 pence WORTH 
OF VOUCHERS 


CONTAINS MICROPROCESSORS +B0ARDS, 
EMORIES,TTL, CMOS, ICs, PASSIVES, ETC., ETC. 


SUPERSAV 

^ERS 

1 ALL FULL SPEC DEVICES I 

TEXAS 

TIMER 

RED LED 

741 

555 

TIL209 

5 for. 

4 for 

10 for 

£1.00 

£1.00 

£1.00 

VAT INC 

:lusive price + 

25p P. & P. 


A4 1C BOOKLET 

SUPPLIED FREE WITH ORDERS OF ANY ICs WORTH £5.00 
OR MORE, CONTAINS CIRCUITS, PIN CONNECTIONS AND 
• DATA (35p + SAE IF SOLD ALONE). 





OUR 













































CLHd<^€C^ 

Call in and see us 9-5.30 Mon-Fri 9-5.00 Sat 
Express Mail Order Tel. orders on credit cards £10 min. 
Trade and export enquiries welcome 
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SMALL ADS 

CONDITIONS OF ACCEPTANCE 

BSB 


::d^crot^;d‘\utar 


wdh\emittance“ should ba sent to the Clas^sified 



SWord'su^London* sTl'*aLs'^Ttetephone^ 



NOTICE TO READERS 
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SITUATIONS VACANT 


Radio Technicians 

Government Communications Headquarters has vacancies for Radio Technicians. 
Applicants should be 19 or over 

STANDARDS required call for a sound knowledge of the principles of electricity 
and radio, together with appropriate experience of using and maintaining radio 
and electronic test gear. 

DUTIES cover highly skilled telecommunications/electronic work, including the 
construction, installation, maintenance and testing of radio and radar 
telecommunications equipment and advanced computer and analytic machinery. 

QUALIFICATIONS: Candidates must hold either the City and Guilds 
Telecommunications Part 1 (Intermediate) Certificate or equivalent HM Forces 
qualification. 

SALARY (inc. supps.) from £2,927 at 19 to £3,700 at 25 (highest pay on entry) 
rising to £4,252 with opportunity for advancement to higher grades up to £4,706 
with a few posts carrying still higher salaries. 

Opportunities for service overseas. 

Further particulars and application forms available from: 

GCHQ 

Recruitment Ofacer, (Ref PE/10) 

GCHQ, Oakley, 

Priors Road, Cheltenham, GL62 6AJ. 

Cheltenham (0242) 21491 Ext 2270 


EDUCATIONAL 


COLOUR TV SERVICING 

Learn the techniques of servicing Colour TV sets 
through new homestudy course approved by leading 
manufacturers. Covers principles, practice and align¬ 
ment with numerous illustrations and diagrams. Other 
courses for radio and audio servicing. Full details from: 

ICS SCHOOL OF ELECTRONICS 
I >epl. mz Inlertext House, London SWS 4UJ 
Tel.0l-62299ll(allhour5) 



MISCELLANEOUS 



.,sA"f',°!yi"p‘i?gFaiy.^T??S!o1L‘’n5na,i 


Rlorse by light system avi 


Prices include postage etc.. Overseas Airmail £1.50 e> 
MHEL ELECTRONICS (Dept. PE) 

12 Longshore Way, Milton, 
Portsmouth P04 8LS. 


PRINTED CIRCUITS 
and HARDWARE 

crvict. Send 25p (or catalogue. Frofi: 

RAMAR CONSTRUCTOR SERVICES, 

osen. on , ro^^^r^opon von, orwic s. 


AIFAC etch resist transfers and other p.c. board drawing 
materials available from stock, s.a.e. details. Ramar Con¬ 
structor Services, Mawns Rd, Stratforf on Avon. CV37 91^. 


PRACTICAL ELECTRONICS P.C.B.'s 

lieV 78 MovfnoCM'Slay K.al®”' 

May 78 Workshop Power Supply £1.97. 

May 78 Chorus Generator £2.66. 

Aug 7^ ?ojjch Switch 8^^. ^ 

e send for DESIGN 



MAKE YOUR OWN PRINTED CIRCUITS 
Etch Resist Transfers - Starter pack (5 sheets, lines 
pads, I.C pods) £1.30. Large range of single sheet: 
in stock at 27p per sheet. 

Ferric Chloride - 1 lb bogs 80p (P&P 40p)* 

Master Positive Transparencies from P.C. layouts ir 
magazines by simple photographic process. Full in 
structions supplied. 2 sheets {20 x 25cm) nc^otivi 
paper ond 2 sheets (18 x 24cm) positive film £1.20. 
S.A.E. lists ond information. P&P 20p/order except* 


R BOOKS. CMOS AND COMPONENTS 

ir95*'686o*Pr<^^an^5.35, SOMP Inlro^'.t 0.75 
NS TTL Oolobl. 2.10, RCA CMOS Databk 5.45, 8085 U« 

5.60, 280'aC Spec 0°B0, ZM P10°Mon sidO. Also a I 
range el CMOS - send for free catalogue. MPI 
MEK6800D2 205.20, MC6820 7.50, ZSO 18.14, Z8 



incpp & VAT I V UHmi 

>r under £100.00 (excluding P/P and VAT] 
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DEAD or ALIVE 

ORJUST 
MIXED UP' 

5-FUNCTION-'' 

13 AMR-. 

SOCKET 



Safety fast! Shows: 
2, Live wire faulty. : 
reversed. 4, Earth I 

£3.95 post free. Savi 


Live and Neutral wires 
ulty. 5, Neutral faulty, 
nstantly. British made, 
time. Be sure. Be safe. 


PERSONAL SAFETY CO., 
Dept. PEI, P.O.BOX 1. 
LLANRWST, 

GWYNEDD, NORTH WALES 




NO LICENCE EXAMS NEEDED 

" Kit!"*Onry *£9 5p I 


[ MINI-STROBE I 


P. &P. 

■Brain-Freeze’ ’em with a 

Kit, pocket-sized ’lightning I_____ , 

for discos and parties. A mere £4-30 plus 20p I 
P. & P. Experiment with a psychedelic • 
DREAM LAB, or pick up faint speech/sounds 
with the BIG EAR sound-catcher; ready-made 
multi-function modules. £5 each plus 20p 


BOFFIN PROJECTS 

CunlifTe Road, Stoneleigh 
Ewell, Surrey (P.E.) 


PRINTED CIRCUIT BOARDS made to your requirements. 
Write for details and price list. Western Circuit Designs, 
31 Great Hinton. Trowbridge. Wilts. BA14 6BY. 


BELLS AND SIRENS 

CARTERS SIREN £5-53 
INDUSTRIAL SIX INCH 
BELL £8-27 
PRICES INCLUSIVE 
Send Cheque. P.O. to: 

CWAS ALARM 
11 Denbrook Walk, 
Bradford BD4 OQS. 



THEJ=ABULOUS 
D2 MICROPROCESSOR 
EVALUATION KIT 
FROM MOTOROLA. 

Featuring *24 key keyboard ‘Seven segment 
display ‘Cassette interface ‘Erom & Ram 
Expandable ‘Interface Capability ‘Full 
Documentation ‘5 Volt power supply'Required 
‘One years FREE membership of The Amateur 
Computer Club with every purchase‘. £176 + 
£1.50P&P + 8% VAT. 

ENAMELLED COPPER WIRE 


Tinned Copper, Even Gauges 14-30 £3 per lb. 
Multicore 60/40 Solder 18SWG £3.24 per lb. 
Prices include P & P and VAT. 

SAE brings list of copper and resistance Wires. 

THE SCIENTIFIC 
WIRE COMPANY 



RADIO 

CONTROL 

SPECIALISTS 


S.AE. FOR LEAFLETS 
Tel; 0602 395418 


MICRON R/C, Hayworth Road, 
Sandiacre, Nottingham. 


CABINET FITTINGS 

Fretcloths, Covorings, Strgp & Receu Handlas, F*et, Castors 
locks & Sockets. Cannons, Bulgin 6 ways. Reverb Troys 
ocks & Hinges, Corners, Trim, Speaker Bolts etc. 

ADAM HALL (P.E. SUPPLIES) 


NOTICE 

TO 

REAOERS 

Whilst prices of goods 
shown in classified 
advertisements are 
correct at the time 
of closing for press, 
readers are advised 
to check with the ad¬ 
vertiser both prices 
and availability of 
goods before order¬ 
ing from non-current 
issues of the magazine 


INCREDIBLE WATCH 
BARGAINS 



FULL CHRONOGRAPH/ALARM LCD 
ONLY £39.95 


Send cheque of P.O. to 

VIDEOTIME PRODUCTS 

56 Queens Road. Basingstoke 
Hants RG21 1 RE. Tel. (0256) 56417 
Telex 858747 

Trade & Export Enquiries Welcome 
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everything for the modern D.IY electronics enthusiast and more. 



* Look inside for our 
*4 page special pull out ^ 

★ featuring the New ★ 
★^79-80 catalogue ^ 

***★★★★ ★★★’‘^’^^ 

MAPLIN ELECTRONIC SUPPLIES 

P.O. BOX 3 RAYLEIGH ESSEX SS6 SLR 

-lone; Southend (0702) 715155 
lonclon Road, Westcliff-on-Sea, Essex 


POST THIS COUPON NOW FOR YOUR COPY OF OUR 
1977 CATALOGUE PRICE 60p 

Please rush me a copy of your 216 page catalogue 
I enclose BOp, but understand that If I am not completely 
satisfied I may return the catalogue to you within 
14 days and have my BOp refunded immediately. 











































